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THE  AUTHOR'S  PREFACE. 


The  design  of  the  present  Wotk  is,  to  bring 
together,  in  a  series  of  historical  discourses,  the 
whole  of  Andent  and  Modern  Geography,  in 
such  a  manner  as  to  generate,  in  the  mind  of 
every  attentive  reader  a  lively  picture  of  the 
whole  terraqueous  globe,  with  all  its  different 
countries — ^the  memorable  places  which  they 
contsdn — ^the  tribes  of  men  by  which  they  have 
been  successively  peopled,  and  those  which  at 
the  present  moment  are  its  inhabitants.  It  s^- 
pears  an  immense  undertaking,  when  we  con- 
sider how  many  varied  details  require  to  be 
combined  in  a  work  of  moderate  size.  It  might 
even  appear  rash  in  its  nature,  when  we  con- 
template the  characters  of  the  different  subjects 
embraced  in  it— subjects  which  have  usually 
been    consigned    to    erudite    rather    than    to 

elegant  pens,  and  have  been  i^egarded  as  sus- 
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ceptible  of  no  brilliancy  of  literary  composition, 
or  depth  of  philosophical  remark. 

The  diffidence  which  the  prospect  of  so  many 
difficulties  naturally  creates,  has,  however,  jrield- 
ed  to  a  thorough  conviction,  that  the  science  of 
geography  admits  of  being  made  very  different 
from  what  it  now  is.  We  have  thus  reasoned : 
Is  not  geography  the  sister  and  the  rival  of  his- 
tory, ?  If  the  one  enjoys  the  empire  of  univer- 
sal time,  does  not  the  other  rightfully  daim 
that  of  place  ?  If  the  one  has  the  power  of  re- 
calling past  generations,  should  ^ot  the  other 
exert  that  of  fixing  in  one  scene  the  shifting 
pictures  of  history,  iby  delin^rting  to  die  mind 
Hke  permanent  theatre  of  the  pocHr  and  brief 
transactions  of  mankind,  strewed  with  die 
wrecks  of  numerous  empires ;  and  describe  the 
course  of  nature,  constantly  occuped  kfi  repair* 
ing,  by  its  beneficial  operation,  the  ravages  aris^ 
ing  from  human  discord  ?  Doen  not  a  descrtp^ 
tton  of  the  globe  intimately  txvmiect  itself  with 
the  tstudy  of  human  nature,  human  mann^s^ 
and  human  institutions  ?  Does  it  not  offer  in^ 
formation  of  the  utknost  importance  to  the  po^ 
litioal  sciences  ?  Is  not  tiiis  department  always 
brou^t  fully  into  viewbefore acomplete form 
can.be  giveil  to.  any  branch  of  natural  history  ? 
And  doesit  not  supply  literature  with  a.boniid<» 
leiss  treasure  of  feelings^  and  jofindages  ? 

These  consideratioiis  faavb  dierished  in  our 
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miiiGUrthe  hope  of  rfiinngrfof  geogrfiphy  a  ttio- 
luunent  not  unwortl^y  to  m^k  along  with  the 
{leasing  C(»iipo$itkfiigl>y  whi^h  history  has  be<^ii 
adoraed,  Many  loii^  yi^io's  would  indeed  |ie  ri^ 
qukite  ^  j^pafer  on  mieh  A  w<9k  that  degree  of 
j^e^tic^wlmkitmiiBt}^  In^ubi- 

U«hiQg  it  it^  a  st^te  short  of  this,  we  find  oiir«- 
selTcs  esteuaed  by  the  urgent  demandu  made  on 
Q8  for  a  "  Treatise  oil  Geography."  The  at» 
tempt  KK>w  laldl^ef^re  the  puMic  wUl»  we  hop&» 
with  all  its  imperfections^  Mtisfy  the'  wishes  of 
Aiose  who  complain  that  there  is  an  absdlute 
want  pf  a  wod^  by  which  geography  may  be 
learned,  without  the  risk  of  contracting  a  per- 
manent dlsf  eliah  for  this  l»*anch  of  instruetion. 

We  presume  to  trust  that  our  compend  may 
be  qualified  to  serve  as  a  guide  to  any  professor 
who  is  amlntious  of  teaching  geography  in  a 
profitable  manner ; — ^that  in  the  more  advanced 
seminaries  it  may  be  put  into  the  hands  of  pu^ 
pils ; — and  that  it  will  not  be  an  unacceptable 
present  to  adults,  who  have  long  passed  their  pe« 
nod  of  tuition,  and  wish  to  acquire  mstruction 
by  private  reading. 

It  is  the  Author's  most  ambitious  wish,  that 
his  work  may  obtain  the  suf&ages  of  those  real 
philosophers,  who,  in  every  science,  set  even 
less  value  on  its  useful  economical  results,  than 
on  the  intellectual  enjoyment  and  the  improve-* 
ment  which  ihe  study  of  it  implies. 
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The  following  is  the  arrangement  of  the  pre- 
sent work:  It  will  begin  with  the  general 
theory  of  geography,  consisting  of  its  Mathema- 
tical, Physical,  and  Political  principles. — ^From 
astronomy  we  shall  borrow  the  requisite  infor- 
mation, respecting  the  figure,  size,  and  motions 
of  our  planet ;  from  geometry,  the  views  which 
are  most  necessary  for  understanding  the  art  of 
representing,  in  small  plans,  the  exact  form  of 
the  lands  and  the  seas :  we  shall  explain  thef 
method  of  determining  the  actual  distant;es  of 
places,  and  comparing  with  one  another  the 
measures  employed  in  diflFerent  eoimtries. 

Proceeding  next  to  the  physical  picture  of 
the  globe,  we  shaU  take  a  view  of  the  leading 
features  of  nature ;  the  mountains  which  diver- 
sify the  surface  of  the  land,  the  seas  which 
bound  its  outline,  and  the  rivers  and  the  valleys 
by  which  it  is  intersected.  We  shall  seek  our 
way  downward,  through  caverns  and  through 
mines.  We  shall  direct  over  the  brink  of  the 
volcanic  crater  an  eye  of  interest  and  curiosity ; 
and  thus  do  our  utmost  to  explore  the  structure 
of  the  globe.  After  inquiring  into  the  motions 
of  the  atmosphere,  and  the  laws  of  temperature, 
we  shall  distribute  into  their  native  regions  the 
animals,  the  plants,  and  all  the  beings  that  are 
nourished  in  the  exhaustless  bosom  of  the  earth. 
We  shall  conclude  the  picture  by  considering 
man  in  his  natural  and  in  his  political  condition. 
We  shall  classify  the  races  of  our  species  ac- 
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cording  to  the  varieties  whidb  are  marked  in 
.their  bodily  appearance  and  character^ — accord- 
ing to  the  languages  which  they  speak — accord- 
ing to  the  creeds  by  which  then*  minds  are  some- 
times consoled,  sometimes  degraded  and  enslav- 
.ed — and  according  to  the  laws  which  mark  the 
progress  of  civilization,  or  the  profound  darkness 
of  utter  barbarism. 

,  What  revolutions  has  the  terrestrial  globe  un- 
dergone ?  This  is  a  question  which  equally  in- 
terests the  history  of  man  and  that  of  nature. 
But  is  it  a  question  which  enters  into  the  science 
of  physical  geography  ?  is  it  a  question  which, 
in  the  present  state  of  our  knowledge,  we  can 
profitably  discuss  ?  We  shall  not  Certainly  un- 
dertake to  resolve  the  problem,  or  series  of  pro- 
blems, which  it  implies;  but  we  shall  present 
to  our  readers  a  view  of  the  leading  facts  which 
geologists  employ  to  construct  their  brilliant, 
but  empty  systems. 

This  philosophical  theory  of  geography  will 
occupy  the  first  volume  of  our  work.  The 
others,  with  the  exception  of  one,  will  be  de- 
voted to  a  successive  description  of  aU  the  parts 
of  the  world.  In  that  department  we  found  it 
necessary  to  engage  in  long  meditation,  and  in 
weighing  opposite  considerations,  before  we 
could  invent  and  fix  upon  the  method  which 
would  unite  the  greatest  degree  of  solidity  with 
the  most  agreeable  manner.     An  order  purely 
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geogmphical  mmt  apfiarentiy  have  d^^btcyed 
4ihe  pdiitical  «iid  nK»«d  connections  of  the  dif- 
ierent  p<»traits  ^rfddi  we  had  to  present.  ,An 
<mler  purely  p<ditical  wouM  haw  injured, the 
•physioal  deUne^t^n  of  the  mountains,  the  seas, 
'tikeriireiis/aaridthe^clixnates.  The  great  desidau- 
tionivMyto  veooiicile,  in  some  measure,  mtkeadi 
other  these  two  rival  methods.  For  iMs  pur« 
pose,  our  mode  of  procedure  must  he  varied  ac- 
<!or(&ig  to  'the  <^aracter  of  the  ohstades  present- 
^  on  dlfierent  occasions,  and  the  difficulties 
which  l3iey  create  in  following  chidly  .or  ex- 
cAoffiively  one  or  the  olher  of  these  two  methods. 
Jb  introductiovis  prefixed  to  particular  depart* 
ments,  we  must  give  a  sketch  ef  the  gaieral 
features  which  a  large  ^vision  of  1*ie  wwld  pos^. 
sesses  in  ^common.  We  muirt;  place  a  view  <rf 
the  Al|)s  in  front  of  our  desaiption  of  Europe, 
sold  a  tiew  of  the  CordiQeras  at  the  beginning 
cif  the  division  appropriated  to  South  Amaica. 
Do  we  find  some  nations  which  axfe  politically 
separate,  united  in  their  origin,  in  their  language, 
or  in  tibeir  histwy? — ^we  must  crfJect  them 
into  one  group,  wid  survey  them  from  one  pcnnt 
of  view»  We  must  endeavour  ^every  where  to 
form  our  sulked:  into  natural  masses,  easily  ^em«. 
braced  under  one  regular  vista.  Small  states 
ibui^t  fte?coml£ned  into  natural  groups ;  the  pro- 
vinces of  great  emjHres  must  be  distributed  in 
conformity  with  the  direction  of  the  mountains 
and  the  rivers ;  and  the  comparisons  formed  be- 
tween the  different  divisions  must  not  be  per- 
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:]mitted£to  enouhitlKertlie  emrei^  ci  our  dtsoemrse, 
imt  nesehned  -im  exhiliitiDn  in  the  forni  of 
^pioptiksel  and  analytaod  tables. 

. '  Bdflideff  our  genenl  ^saong&nent,' it  wm  ne- 
imffittTi  to  find  out  Hie  paitioiiiar  melbod  best 
«iiiited.  for  tiiedesciiption  of  each  ^eo^ntry.  Af- 
-tcorieoBaniinihg  ail  the  dassificatioDS  vhieh  mk- 
J&^stB  hare  giwenof  the  objects  of  spedalgeo- 
^ppl^y,  we  have  found  that  a  too. rigorous  ad- 
hexmf^to  these  ^straot  methods  has  been  the 
real  cause  of  the  pedantic  drjmess  attached  to 
books  of  geography.  From  this  empty  techni- 
mi.  parade  of  sdenee,  geography,  which  ought 
jto  lie  a  liiring  picture  of  the  universe^  has  been 
dtmvettj&i  into  the  gloomy  anatomy  of  a  great 
43ubject  in  a  dead  and  clismembared  state.  Thus 
it  has  been  held  in  dread  by  the  youngs  neglect- 
ed by  the  kamed,  and  scorned  by  tiiie  muM- 
^tude. 

¥mai  these  considerations  it  has  appeared  our 
duty  to  follow  the  general  prindples  of  the  art 
^  writing,  and,  by  varying  according  to  the  na- 
ture 6£  the  subject,  not  only  the  tone  but  the 
order  of  our  descriptions,  .we  have  endeavoured 
to  conl^ve,  for  the  delineation  of  each  country, 
a  pffiticular  scale  suited  to  the  rdative  mze  and 
importance  of  its  objects.  Where  one  presents 
Ae  speotade  of  a  smiUng  xsultivation,  we  give 
a  careful  detail  of  its  di^BBT^it  productions. 
Where  it  is  uncj^ivated,  we  :draw  an  outline 
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of  the  character  impressed  on  it  by  nature.  At 
one  time,  in  an  imaginary  torn*,  we  give  an  easy 
enumeration  of  the  towns  of  the  interior.  At 
another,  in  the  character  of  fire-side  navigators, 
unfettered  by  the  dread  of  contrary  winds  or 
dangerous  currents,  we  proceed  from  harbour 
to  harbour,  and  from  island  to  island.  Does  a 
particular  nation  act  a  leading  part  in  the  civiliz- 
ed world  ? — ^we  discuss  its  powers,  its  resources, 
its  interests.  Is  it  a  savage  horde  that  engages 
our  notice  ? — ^we  take  an  interest  in  depicting  its 
manners  and  mode  of  Uving. 

Our  choice  of  the  towns  and  remarkable 
places  on  which  we  dwell,  will  be  determined 
sometimes  by  degrees  of  political  importance, 
sometimes  by  historical  celebrity.  We  shall 
sometimes,  in  passing,  take  the  liberty  of  dis- 
cussing a  point  of  critical  geography,  resolving 
a  doubt,  or  correcting  an  error.  We  shall  not 
even  scrupulously  deny  ourselves  and  our  read- 
ers the  pleasure  of  occasionally  mingling  our  to- 
pographical descriptions  with  passages  of  his- 
tory, or  with  anecdotes  tending  to  illustrate 
manners,  and  often  serving  to  fix  in  the  memo- 
ry names  of  localities,  which  otherwise  it  would 
be  difficult  to  retain.  There  is  no  reason  why 
we  should  refuse  to  pick  up  a  flower  which  ob- 
trudes itself  on  our  view.  A  description  of  the 
world  should  resemble  the  world  itself,  in  which 
the  most  arid  deserts  present  here  and  there  a 
limpid  fountain,  or  a  refreshing  shade. 
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From  fifte^  years  of  ge<^raphical  reading 
and  study,  we  have  been  fully  obnyinced  that 
this  firee  and  animated  march  is  that  which  will 
enable  geography  to  give  the  surest  access,  to  the 
sanctuary  of  historical  knowledge,  which  never 
could  be  aflPorded  by  any  of  those  rigid  abstract 
methods  whidi  are  applicable  only  to  the  nu^ 
thematical  sciences.  Our  object  is  to  write  an 
agreeable  and  useful  book,  not  to  draw  up  an 
extended  table  of  mere  contents. 

Adopting  this  plan  for  our  "  Universal  Geo- 
graphy,''  we  are  far  from  denying  the  merits 
of  methods  different  from  our  own.  Let  a  new 
Varenius,  in  a  purely  mathematical  geography^ 
employ  all  the  resources  of  the  higher  geometry; 
let  another  Bergmann  discuss,  in  the  language 
of  chemistry  and  of  natural  history,  the  ele- 
ments of  an  improved  physical  geography ;  let 
naturalists  subdivide  physical  geography  it- 
self into  branches  corresponding  to  particular 
sciences,  as  the  geography  of  plants,  of  minerals, 
and  of  animals ;  let  the  pupils  and  successors  of 
Busching  collect,  with  indefatigable  patience, 
the  materials  of  chorography  and  topography, 
the  object  of  which  is  to  give  a  particular  de- 
scription of  each  country,  each  canton,  and  each 
town ;  let  them  display,  in  immense  columns  of 
numbers,  the  details  of  that  branch  of  political 
geography  which  is  called  statistics.  Let  oth^s 
of  the  learned  explore  other  parts,  such  as  that  of 
forming  a  Critical  Comparison  of  the  old  geogra- 
phers ;  or,  the  History  of  Voyages  and  Travels. 
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.ll^o^ng  is  more  useful  to  s<Miic^Miiotliing 
m^e  deserving  of  the  esteem  of  tibe  leamed 
world,  than  labmirs^  thus  conseerated  to  a  single 
^jeot.  NotMng  is  more  4aud(iH(^  than  to  give 
to  «aeh  of  these  branches  the  most  rig<^tm&  and 
^den^c  Ibrai  whidh  Its  particular  nature  wiU 
-adnsit  of.  We  have  unready  shown  some  zeal 
An  collectings  announdng,  and  aff^edatkig  la- 
iboiirs  of  these  differwrt  kinds,  in  our  periodical 
work,  entitled^  Annates  des  Visages  de  la  GSih- 
graphic  et  de  PHistoire.  But,  as  a  universal 
-geography  cminot,  without  swelli]^g  td  an  un- 
du^  extent)  ^iiibrace  all  the  details  of  ev^ry 
branch  ^  geogra^^c^  science,  we  must  here 
.^pnti^Dt  ourselves  with  gathering  the  flowers 
and  the  fruit  joi  these  learned  di8<^iflrid|is  and 
^laborious  researdhes. 

There  is  aoptiiiw  view  of  the  subject  which 
^e  wish  to  lay  before  the  readers  of  our  work. 
The  mathematics^  and  physical  principles  of 
geography  are  immutable;  but  the  state  of 
human  kriowledge  is  varialde,  both  in  the  ma^ 
tmals  furnished,  and  in  the  use  which  the 
mind  is,  at  difl^rent  epodis,  qualified  to  make 
<tf  tiiem.  Nations  are  extingmshed,  king- 
doms destroyed,  dtiies  laid  in  ruins,  and  at 
last  every  trace  of  their  former  existence  is  ef- 
faced. We  may  therefore  suppose  a  series  of 
geographical  works,  each  of  which,  though  <|uite 
different  from  those  which  precede  and  follow, 
may  be  correct  and  comjrflete  for  the  year  or  the 
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age  to  which  41;  belongs.  Under  this  point  of 
view,  custom  has  in  some  measure  jsanctioned 
a  tbree-foM  partition  of  the  sciaice.  ^  Ancient 
geography^  comffHises  all  that  precedes  the 
AOOth  year  of  the  Quistian  era,  or  the  great  mi- 
gration of  nations.  The  ^  geography  of  the 
middle  age"  ext(Nids  firom  that  paciod  to  the 
discovery  of  America;  and  tills  pmht  begins 
ftie  region  of  "  ^nodem  geography  .*•  But  if  the 
si^hject  were  to  be  expressed  in  rigidly  philoso- 
phieal  language,  we  should  be  obliged  to  make 
a. distinction  of  geographies,  corresponding  to 
tiie  number  of  nations  and  of  ages.  Each  of 
tiiese  may  be  considered  as  a  separate  body  of 
knowledge.  They  are  indeed  imperfect  and 
enoneous  systems,  compared  with  that  of  the 
p:^esent  age ;  but  it  is  interesting  and  important 
even  for  ma^e  amateurs,  to  have  an  idea  of  the 
sAow  progress,  and  sometimes  retrograde  course 
of  thescience>  in  so  far  as  that  progress  is  known 
to  us  with  certainty.  We  shall  therefwe  ac- 
company the  present  work  with  an  "  Outline 
of  the  history  of  discoveries,  and  of  geogp-.^- 
cal  systems.''  We  shall  first  take  up  this  science 
m  her  cradle.  Moses  and  Homer  ^esent  us 
with  a  picture  of  two  most  ai^tique  nations. 
Soon  after  this,  the  Phoenician  sailor,  guided  hy 
tile  light  of  the  stars,  traverses  the  Mediterra- 
nean, and  discovers  the  Atlantic  Ocean.  Hero- 
dotus relates  to  the  Greeks  what  he  has  seen  and 
heard,  concerning  different  nations  and  coun- 
IrieSi    The  extensive  colonial  system  of  Carth- 
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age,  and  the  adventurous  voyages  of  Pytheas 
of  Marseilles  bring  the  western  world  into  view, 
and  create  ccmjectures  respecting  the  north. 
The  military  glory  of  Alexander  throws  a  bril- 
liant light  on  the  countries  of  the  east.  The 
Romans  inherit  the  greater .  part  of  the  disco- 
veries made  by  the  polished  nations  of  antiquity. 
The  Eratostheneses,  the  Strabos,  the  Plinies, 
and  the  Ptolemies,  arrange  the  materials  still 
obscure  and  incomplete.  Next  comes  the  great 
migration  of  nations,  to  overturn  the  whole  edi- 
fice of  ancient  geography.  It  was  by  losing 
their  ascendency  that  the  Greeks  and  Romans 
learned  how  much  more  extensive  the  world 
was  than  their  systems  had  represented  it. 
The  chaos  thus  produced,  gradually  gives  place 
to  regularity;  and.  with  the  rise  of  modem 
Europe,  the  elements  of  a  new  geography  are 
formed.  The  spirit  of  travelling  revives.  It 
had  already  conducted,  without  profit,  the 
Arabs  to  the  Moluccas,  and  the  Scandinavians 
to  America.  No  science  accompanied  these 
people,  to  gather  the  fruit  of  their  bold  under- 
taking. Equally  courageous,  and  better  in- 
formed, the  Italians  and  Portuguese,  by  the 
help  of  the  magnetic  needle,  navigate  the  high 
seas  with  confidence.  On  every  hand  the  bar- 
riers raised  by  prejudice,  which  contracted  the 
horizon  of  geography,  faU  in  pieces.  Columbus 
now  conducts  us  to  a  new  world.  By  sea  and 
by  land,  every  nation  emidously  enters  on  the 
career  of  discovery ;  and,  by  their  imited  efforts. 
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the  vast  theatre  of  the  globe,  notwithstanding 
some  partial  shades,  is  now  finally  opened  to  the 
gaze  of  science. 

This  forms  a  subject  which  demands  much 
perusal  of  old  geographical  works^  and  much  at-^ 
tention  to  various  ancient  histories ;  but  it  can- 
not, in  the  eye  of  the  general  reader,  be  entitled 
to  such  a  f uU  description  as  the  state  of  modem 
geography. 

Even  modem  geography  must  be  restricted 
within  certain  limits,  which,  without  reducing 
it  to  a  dry  unmeaning  nomenclature,  will  avoid 
the  error  of  confounding  it  with  other  sciences. 
Intelligent  minds,  no  doubt,  often  delight  to 
bring  together  under  the  same  point  of  view  the 
results  of  sciences  the  most  different  from  one 
another  in  their  origin  and  progress,  as  weU  as 
in  the  nature  of  their  objects.  Geography,  like 
history,  certainly  ought  not  to  be  blamed  for 
taking  an  interest  in  every  thing  that  influences 
the  fate  of  nations  and  of  empires.  It  must 
also  be  granted  that  she  confers,  in  her  turn,  a 
benefit  on  other  sciences,  by  bringing  their  dis- 
coveries into  notice,  in  order  to  place  them  in  a 
new  light.  When  political  economy,  for  ex- 
ample, weighs  in  her  balance  the  powers  of  a 
state,  when  she  ascertains  the  existing  relation 
which  the  superficial  area  of  each  canton  bears 
to  the  number  of  its  inhabitants,  the  results  of 
these  laborious  inquiries  may  often  be  of  such'  a 
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ntttfOre  aa  to  iirt^ere^t  hi&toty.  In  ike  same  wa^F 
they  mi^  also  int^k^st  geograpliy .  Sueb  dfy 
truths,  when  arranged  in  tables  of  political  geo^ 
graphy,  acquire  a  lustre  and  an  interest  from  the 
gteat  g^pgrapMcid  views  with  wludi  they  are 
assodated.  This  speeies  of  interehange  gives 
life  to  the  whc^  republic  of  sdenoe  aii4  ^ 
lit^ndrare*  But  the  diiferent  regiouft  of  which 
that  refmbHe  consist,  have  eadi  its  own  lan<^ 
guage,  its  constitution,  its  separate  iBterests^ 
These  objects  are  not  to  be  confounded.  Every 
discussion  in  politics,  in  religion^  in  moralitf — 
every  research  in  history,  chronology,  or  anti« 
quilies,  which  does  not  bear  a  direct  ref er^moe 
to  geographical  changes-^-every  calculation  of 
the  higher  geometry~-every  superfluous  quota* 
tion  of  the  principles  of  chemistry  or  of  physics 
•-^--every  detail  in  natural  hiBtory  which  does  not 
admit  of  any  other  description  than  the  techni** 
cal  explanations  of  the  naturalist,  and  which 
forms  no  essential  feature  in  the  physical  picture 
of  a  country~-is  to  be  considered  as  foreign  to 
a  good  universal  geogi^hy,  though  entering 
with  great  projniety  into  special  treatises  om 
mathematical,  physical,  or  political  geography. 

Our  science,  when  disencumbered  of  all  that  di*« 
versity  of  foreign  matter,  is  still  a  subject  of  vast 
extent ;  and  to  an  i^uthor  desirous  of  exhibiting 
it  in  an  advantageous  light,  it  presents  tboms  and 
difficulties  in  sufficient  number.  When  we 
have  read,  compared,  and  formed  a  judgment 
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<m  all  the  decUUnts  gyv<en  by  ttanmelins  of  ersry 
lu^Di  HAMmnte'  often  f abe^  and  often  untatiSi. 
factoty^  whan  w4  httve  analysed  an  imtaiense 
multiittdja  Hi  twvdlLen^  joanods^  astaKmomical 
d^MnrtMMns 'and  dassekiadomy  deidf iptknisi  and 
natik»H  emtmeratiai»  and  officiid'  stotdoBentfl^ 
togpd^&ir  wath  the  esfchnokes  and  oiteidAti<^n8 
mada  by  in^yidiikla;  ivben  wd  haVe^  tiotii 
mmk  libonr^  sdarohral  out  gmgi^famJ  doea^ 
ment9,  lodt  iil  manoins  of  natmaL  history^  in  Mo^ 
iMgFttphM  of  madicaA,  mmeral^oai^  or  botamcai 
topografph}^5  oftei^  eren  in  connneoroial  afananadts 
md  poUti«d:jouniak  ;-^w«  fafecve  hot  yet  done  all 
that  ifi  requind.  Mndi  lemains  to  be  brought 
to  h^t  <^&t  lids  hid  in  the  arcdiives  of  gorem^ 
ments;  or  buried  in  thfe  portfolios  of  indivi- 
duals  i  aiid  mucih  knowledge  which  in  even 
openly  exUhited  in  the  gieat  book  of  natiii^, 
but  has  not  yet  found  an  attentive  observer, 
requires  to  be  discovered  by  original  observa- 
tions. 

Since  geographical  knowledge,  like  every 
thing  of  a  historical  nature,  is  derived  from 
many  sources,  varying  in  their  degrees  of  au- 
thenticity, it  is  indisjpensably  necessary,  in 
order  to  satisfy  the  inquiring  reader,  to  give 
the  names  of  such  sources  as  have  been  con- 
sulted. The  learned  will  thus  judge  what  de- 
gree of  credit  they  ought  to  repose  in  each  in- 
stance. It  is  also  an  act  of  literary  justice  to 
make  our  readers  acquainted  with  the  names  of 
those  who  have  served   as  our  masters  and 
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guides ;  names  which  to  many  will  thus  become 
known,  for  the  first  time.  Influenced  by  these 
considerations,  we  have  at  the  bottom  of  each 
page  given  a  reference  to  the  principal  passages 
in  other  authors,  (generally  original,  rarely  com- 
pilers,) on  which  our  assertions  are  founded. 
At  the  same  time,  we  have  rigoroudy  avoided 
such  foot-notes  as  are  injudiciously  lavished  in 
many  learned  works.  None  of  our  references 
will  force  our  readers  to  make  a  halt.  While 
one  who  is  critically  curious  may,  by  means  of 
th^n,  bring  our  accuracy  to  the  test,  or  obtain 
the  means  of  extending  his  information  on 
particular  parts  of  our  subject,  another,  whose 
object  is  to  obtain  as  much  interei^ng  infor- 
mation as  possible  in  the  easiest  manner,  may 
peruse  our  work  without  suffering  himself  to 
be  in  any  degree  impeded  by  the  references. 
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Theory  of  Geography.  Of  the  Earthy  considered  as  a  ce- 
lestial Body^  and  in  its  relations  to  the  other  celestial 
Bodies.    Of  Latitudes  and  Longitudes. 

1»  exhibiting  under  one  view  the  actual  state  of  the  sci- 
ence of  Geography,  the  statement  of  general  truths  ought 
to  precede  the  detail  of  particular  facts.  We  shall  there- 
fore consider  our  planet  in  relation .  to  its  dimensions  and 
physical  structure,  before  entering  upon  the  study  of  the 
different  countries  which  cover  its  surface. 

It  belongs  to  astronomy  to  exhibit  to  our  view  the  earth  Aettonomy 
balanced  by  its  own  weight  in  the  immensity  of  space,  ^e-f^^^  ^^ 
volving,  with  all  the  other  planets,  around  the  resplendent  treatise, 
luminary,  which  distributes  to  each  of  these  celestial  globes 
its  portion  of  light'and  heat.     It  belongs  also  to  astronomy 
to  ascertain  the  laws  which  govern  the  solar  system^  and  to 
trace  the  orbits  of  the  di£Perent  bodies  whjch  compose  it ; 
of  Mercury^  lost  iu  the  rays  of  the  sun ;  of  Venus  and  of 
Mars,  in  the  n^ghbourhood  of  our  earth,  but  which  are 
not  attended  by  any  moon  ox  satellite ;   of  Vesta,  Juno, 
Ceres,  and  Pallas,  which  are  so  closely  connected  with  each 
other ;  and  lastly,  of  Jupiter,  Saturn,  and  Uranus,  each 
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surrounded  by  a  magnificent  train  of  satellites,  or  se^ 
ayndary  planets.  It  is  still  farther  the  business  of  the  as- 
tronomer, to  demonstrate  that  the  magnitude  of  the  sun  is 
1,384,462  times  greater  than  that  of  our  planet,  which  in 
this  respect  is  in  like  manner  surpassed  by  Jupiter  1,?81 
times ;  by  Saturn  995  times,  and  by  Uranus,  80  times ; 
while  all  the  other  planets  are  inferior  to  it  *. 

As  geography  exclusively  is  our  province,  it  is  sufficient 
for  us  to  borrow  such  notions  belonging  to  astronomy,  as 
are  necessary  for  comprehending  the  terms  employed  in 
reference  to  geographical  maps,   and  for  conceiving  the 
truth  of  the  methods  used  in  constructing  these  representa- 
tions of  our  globe. 
Proofsof  the     The  spherical  form  of  the  earth  is  the  fundamental  prin- 
thewrS^  °^^^P'^  °^  ^^  mathematical  geography.     The  proofs  of  this 
truth  present  themselves  to  the  senses  ^     The  phenomena 
of  the  heavens  discover  it  to  us ;  terrestrial  appearances  ako 
render  it  obvious.     We  shall  begin  with  the  latter. 
Proofsdrawn     Were  we  placed  in  a  vast  plain  of  Arabia,  or  on  the  sur- 
from  terres- jp^g  Qf  ^j^g  Qggg^jj     no  mountain  would  there  intercept  the 

trial  appear-  .  .      .  .  .  .         -"^ 

ances.  ol]{ject8  situate  within  the  range  of  our  vision.  Why  then 
do  we  not  see  elevated  objects  only  diminish  in  apparent 
magnitude,  as  they  recede  from  our  view,  without  any 
portion  being  hid ;  as  would  certainly  be  the  case  if  we 
were  upon  the  same  horizontal  plane  with  them  ?  Why 
do  towers,  vessels,  and  mountains,  when  we  recede  from 
them,  appear  to  sink  below  the  horizon,  commencing  with 
the  base  P  and  why,  on  the  contrary,  when  we  approach 
them,  do  these  objects  shew  first  their  summits,and  thereafter 
their  middle,  and  last  of  all  their  lower  parts  ?  These  phe- 
nomena, which  every  one  has  an  opportunity  of  observing, 
prove  evidently  that  every  apparent  plane  upon  the  earth 
is  a  curve  surface.  It  is  the  convexity  of  this  surface  which 
conceals  from  the  eye  of  the  spectator,  upon  the  beach^  the 

^  See,  in  the  Sequel  of  this  Book,  the  Synoptical  Table  of  the  solar  System. 
Consult  Laplace,  Exposition  du  Sytteme  du  Monde ;  Bki,  Astronomie  Pfay. 
sique. 

b  VarentHs,  General  Geography  revised  by  /.  NewUm^  b*  I.  sect  ii*  diap*.S» 
M^ttpetUAi^  Elements  of  Geog^pbyi  (^p.  & 
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hull  of  the  ressel  of  which  he  sees  the  masts  and  sails.  But 
since  we  kiiow  that  these  things  happen  uniformly  towards 
whatever  part  of  the  earth  we  travel,  whether  towards  the 
east  or  towards  the  west,  towards  the  north  or  towards 
the  south ;  since  we  find  that  this  assemblage  of  curve 
surfaces  is  no  where  sensibly  interrupted,  it  is  impossible  to 
avoid  drawing  the  conclusion,  that  the  whole  surface  of  the 
earth  is,  on  all  sides,  nearly  regularly  curved ;  or,  in  other 
words,  that  the  earth  is  a  body  approaching  in  figure  more 
or  less  to  a  sphere. 

The  object  at  which  the  first  observers  of  the  stars  aim-  Piooft  deri- 
ed  in  their  researches  was,  without  doubt,  to  find  c^tainj^^^^*^^ 
guides  in  the  voyages  which  either  curiosity  or  necessity  peanmces* 
prompted  them  to  undertake.     They  remarked  that  the 
sun,  their  first  guide,,  occupied,  in  the  celestial  hemisphere, 
a  place  oppo^te  to  certain  stars,  which  every  night  were 
constantly  visible  over  their  heads,  while  other  stars  disap- 
peared and  re-appeared  alternately.     Their  attention  was 
particularly  attracted  by  the  pole  star :  they  marked  this 
point  in  the  heavens,  which,  itself  alone  immovable,  appears 
to  serve  as  a  pivot,  or,  according 'to  the  Greek  expression, 
as  SLpole^^f  to  the  apparent  motions  of  the  heavenly  bodies. 
They  next  traced  a  meridian  line^  that  is,  a  right  line  in 
the  direction  from  the  sun  at  noon  to  the  pole  star ;  and  / 
however  imperfect  this  first  operation  may  have  been,  it 
was  sufficient  to  mark  out  to  them  the  four  quarters  of  the 
world,  usually  denominated  the  cardinal  points.    Now,  if 
they  proceeded  towards  the  north,  they  saw  the  pole  star 
take  a  position  more  elevated  in  the  heavens,  with  regard 
io  the  circle  which  on  all  sides  bounded  their  view,  and 
winch  is  named  the  horizon  \     Did  they  go  towards  the 
south,  this  same  star  appeared  to  sink,  and  others,  before 
invisible,  appeared  successively  to  rise.     It  was  therefore 
impossible  that  the  Une  whose  direction  they  followed,  could 
be  a  straight  line  traced  upon  a  horizontal  plane ;  it  could 

^  TUx^i  a  piTOty  from  r«Ajiir,  to  tum. 
d  From  o^tiwy  to  bound,  to  dicumscnbe. 
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only  be  a  curve,  an  arc  of  a  circle,  to  which  corresponded 
another  arc  of  an  imaginary  circle  in  the  heavens.  But  as 
the  same  changes  of  the  horizon  had  every  where  taken 
place,  it  was  natural  to  conclude  that  the  earth  had  at  least 
a  circular  form  from  north  to  south. 

It  was  without  doubt  by  some  such  reasoning  that  Anaxi- 
mander,  and  some  other  of  the  ancient  philosophers,  were 
led  to  regard  the  figure  of  the  earth  as  cylindrical  ®. 

Astronomical  observations,  by  being  multiplied,  were 
rendered  perfect.  The  motions  of  the  heavenly  bodies 
were  calculated  from  fixed  epochs ;  and  the  periodical  re- 
turn of  eclipses  was  determined.  It  was  then  easily  perceiv- 
ed, that  the  sun  rises  sooner  to  those  who  dwell  more  towards 
the  east,  and  gradually  later  to  others  in  proportion  as  they 
are  removed  to  the  west;  for  if  an  eclipse  of  the  moon  is  observ- 
ed at  Paris  and  at  Vienna,  and  if  this  eclipse  begin  when  it 
is  ten  o'clock  at  night  at  Paris,  it  will  be  near  eleven  o'clock 
at  Vienna  before  its  commencement  is  observed ;  so  that 
the  sun  must  rise  sooner  to  the  inhabitants  of  Vienna,  than 
.to  those  of  Paris.  This,  however,  could  not  happen  unless 
the  surface  of  the  earth  were  curved  from  east  to  west ;  for 
were  it  flat,  the  sun  would  begin  to  illuminate  all  parts  of 
the  face  of  it  at  the  same  instant. 

Lastly,  when  by  a  series  of  observations,  we  are  fully 
convinced  that  the  eclipses  of  the  moon  are  caused  by  the 
conical  shadow  of  the  globe  of  the  earth,  we  have  a  com- 
plete confirmation  of  all  the  preceding  proofs  in  favour  of 
the  rotundity  of  the  earth  ;  and  we  see  at  the  same  time, 
that  the  globe  of  the  earth  is  not  subject  to  any  great  irre- 
gularity ;  since,  in  all  possible  positions,  its  shadow  upon 
the  disk  of  the  moon  is  found  to  be  terminated  by  an  arc 
of  a  circle. 
Confirmed        The  numerous  voyages  which  have  been  made  round 
^ound^A^    the  world,  have  finally  shut  the  mouths  of  all  those  who 
world.  persisted  in  regarding  the  earth  as  a  round  plane,  or  a 

hemispherical  disk.     Navigators,  such   as  Magellan   and 

•  Aritt  di  CalOy  lib.  ii.  cap.  13. 
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Drake,  saiEfig  from  Europe,  have  pursued  a  course  always 
towards  the  west  (making  only  some  deviations,  in  order  to 
double  the  lands  which  stretch  towards  the  south ;)  and 
without  quitting  this  general  direction,  have  returned  to  the 
3ame  place  whence  they  set  out  .  Upon  a  circular  plane  we 
might  indeed  perform  a  circular  voyage,  but  that  by  con- 
tinually changing  the  direction.  HeemsJcerJc,  when  he 
wintered  at  Nova  ZemUa,  confirmed  what  astronomers  had 
concluded  from  the  spherical  figure  of  the  earth  ; — ^namely, 
that  the  days  and  nights  near  the  poles  extend  to  several 
months.  Finally,  Cooky  in  approaching  as  near  as  possible 
to  the  southern  polar  circle,  found  that  the  voyage  round 
was  always  diminished  proportionably  to  the.  diminution 
of  his  distance  from  the  pole ;  so  that  we  have  thus  obtmn- 
ed  an  ocular  proof  of  the  rotundity  of  the  earth  towards 
the  south  pole,  as  well  as  towards  the  north. , 

So  many  united  proofs,  as  well  as  the  acciuracy  of  so 
many  astronomical  observations,  all  of  which  have  beeng^^,J^2^ 
made  and  calculated  upon  the  supposition  of  the  sphericity  doctrine, 
of  our  earth,  leave  no  room  for  reasonable  doubts  upon 
the  subject.  Bespect  for  the  Sacred  Writings,  which,  in 
speaking  of  the  earth,  employ  expressions  borrowed  from 
ordinary  language^,  ought  not  to  induce  us  to  reject  a 
jdiysical  truth  altogether  foreign  to  the  moral  truths  which 
religion  teaches.  In  vain  does  ignorance  demand  of  us 
how  the  earth  can  remun  suspended  in  the  air  without  any 
support.  Let  iis  look  upon  the  heavens,  and  observe  how 
many  other  globes  roll  in  space.  The  force  which  sup- 
ports them  is  unknown  to  us ;  but  we  see  its  efiects,  and 
we  investigate  the  laws  according  to  which  these  efiects 
take  place.  Let  us  then  lay  aside  all  uneasiness  concern- 
ing the  antipodeSy  that  is,  the  people  of  the  earth  whose 
feet  are  turned  towards  ours :  there  is  upon  the  globe  nei- 
ther high  nor  low ;  the  antipodes  see,  in  like  manner  as  we 
do,  the  earth  under  their  feet,  and  the  sky  over  their 
heads. 

f  Fsalin  xxiv.  %  uxyu  6.      Comp.  Laetani,  1.  ill  ch.  24.     Augwt'm^ 
De  CiT' Bei,  XVI.  9, 
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WKat  would  we  giain  by  supposing,  as  Homer  does,  that 
under  the  earth  are  placed  a  range  of  columns  guiarded  by 
Atlas,  or  by  ima^ning  it  to  rest  upon  nine  jnllar^,  as  the 
Scandinavians  believed  ^,  or  upon  four  elephants,  accord- 
ing to  the  opinion  of  the  worshippers  of  Bramah  ?  Upon 
what  would  these  elephants  or  these  columns  rest  ?  Our 
thoughts,  however  far  they  proceed,  must  always  at  length 
stop  short,  and,  affiightcd,  recoil  from  that  infinity  which 
surrounds  us  on  every  side,  and  which  it  is  folly  to  attempt 
Iiregulari-  to  comprehend.      But,   some  more  reasonable  observers 

^bcf  ^  ^'^  ^y^  ^°  ^^^  ^^^  Andes  and  the  Alps  make  it  evident 
that  the  earth  is  an  irregular  body,  and  not  at  all  round  P 
We  answer :  The  highest  mountain  known,  which  is  Chim- 
borazo  in  Peru,  rises  to  21,424 '^  feet  above  the  surface 
of  the  s«a.  This  *  Height  is  nearly  -^^^  of  the  earth's 
greatest  circumference,  and  t^Vt  ^^  '^^  ^®'  Upon  an 
artificial  globe  of  twenty-one  feet  in  circumference,  or 
of  6|  feet  in  diameter,  Chimborazo  could  only  be  repre- 
sented by  a  grmn  of  sand  less  than  one-twentieth  of  an 
inch  in  thickness.  Irregularities  so  imperceptible  do  not 
deserve  to  be  taken  into  consideration.  We  shall  see,  in 
the  following  Book,  that  the  true  dijBFerences  which  exist 
bietween  pur  globe  and  a  perfect  sphere,  are  known,  mea- 
sured, and  estimated.  But  before  setting  forth  this  result, 
deduced  from  observations  the  mo^t  scientific  which  have 
been  made  in  modern  times,  it  is  necessary  to  point  out 
more  precisely  some  of  the  relations  which  connect  this 
earth  with  the  other  heavenlv  bodies,  and  to  show,  accord- 
ing  to  Lalande  and  Biot,  in  what  manner  these  astronomi- 
c'al  principles  are  connected  with  mathematical  geography. 
From  a  simple  view,  we  learn  that  the  stars  with  which 
the  nocturnal  vault  of  the  heavens  is  bespangled,  appear 

g  Volutpd,  stropb.  2. 

**  Nio  m^  ek  heima 
•«  Nio  ividU** 
b  Or  about  6531  French  metres. 

i  It  has  since  been  discovered,  that  sOme  ttoittitaiofl  in  Tibet  rise  &bdut 
5000  feet  higher.  The  accuracy  of  the  data  of  this  admeasurement  is,  Uoir- 
cTcr,  dubious. 
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to  moreftem  east  to-  west,  each  descriUiiig  a  portios  of  a 
circle.  If  we  obsenre  this  motioti  more  attentirely,  it  ap* 
pears  to  be  performed  about  a  point  which  alone  remains 
immoveable :  this  point  has  received  the  name  of  petCf  Pdn. 
wUch  signifies  a  pivot.  The  star  which  is  situated  near- 
est to  this  point,  is  called  the  pok  star.  The  celestial 
vauh  is  conceived  to  |»«sent  itself  under  the  appearance  of 
a  qihere ;  there  must  therefore  be,  in  the  half  which  is  in^ 
visible  to  us,  another  immovable  pmnt :  this  point  is  the 
sottA  celesfkd  poky  as  that  which  we  see  is  the  norih  celes- 
tial poU.  The  imaginary  line  which  passes  through  these 
two  pmnts,  and  through  the  centre  of  the  world,  is  named 
the  fUE%s  of  the  world,  from  a  Greek  word  which  signifies 
an  ojple.  Tlus  Hne  passing  through  our  globe  forms  at  the 
same  time  its  axis,  and  marks  upon  the  surface  of  the 
earth  two  points  cone^nding  to  the  poles  of  the  heavens, 
and  which  are  denominated  terrestrial  poles.  That  which 
answers  to  the  pole  star,  is  called  the  north  pole^  or  the 
arctic  pole  ^  ;  the  opposite  pole  is  named  the  south  pole,  or 
aniarctic  pok^ . 

The  pmnt  of  the  horizon  which  corresponds  to  the  north  Horizon. 
pole,  is  the  north,  and  the  opposite  point  is  the  south. 
The  circle  perpendicular  to  the  horizon,  which  passes  Meridian. 
through  these  points,  and  consequently  also  through  the 
poles,  is  called  by  astronomers  tl^  meridian ;  it  divides 
the  viable  celestial  hemisphere  into  two  equal  parts;  so 
that  die  stars,  at  the  moment  when  they  appear  upon  this 
circle,  are  at  the  middle  of  their  apparent  course ;  it  is 
the  passi^  of  the  sun  over*  this  same  circle  whidi  deter- 
mines the  instant  of  noon. 

We  have  already  spoken  of  the  meridian  line^  or  of  the 
line  which  joins  the  north  pcmit  of  the  horizon  with  the 
south.  A  line  perpendicular  to  the  meridian  line,  and 
conceived  to  be  extended  both  ways  till  it  meets  the  hori- 
zon^ marks  upoh  this  circle  two  opposite  points,  each  90 

^  From  the  Oreds  word  m^nTH^  ^  ^f*^t  a  oensteUttien  in  the  neighbour* 
hood  of  the  north  pole. 

^  Fmn  the  Gxeek  woe|^  •iri,  opfonU  to,  and  et^mrt,  Ihe  hear. 
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Cudinai     degrees  distant  from  the  north  and  south;  and  to  which 
'P°^^'       are  appropriated  the  names  of  east  and  west. 

We  may  illustrate  these  definitions  upon  an  artificial 
globe,  or  by  means  of  figure  1. 
Illnstn-  Let  the  circle  NEMO  represent  the  horizon,  and  the 

point  A  the  centre^  at  which  the  observer  is  placed ;  the 
letters  a,  5,  c,  and  d,  e,  f^  will  indicate  portions  of  circles 
which  the  stars  appear  to  describe  about  the  pole.  Those 
stars  whose  polar  distance  is.  not  greater  than  the  arc  FN, 
which  measures  the.  elevation  of  the  north  pole  above  the 
horizon,  appear  to  describe  complete  circles,  such  as  S  A, 
i,  Ic;  the  point  N  marks  the  north  point  of  the  horizon,  M 
the  south ;  and  consequently  MN  represents  the  meridian 
line.  The  celestial  meridian  is  represented  by  the  semicir. 
cle  MZN,  of  which  the  plane  is  supposed  perpendicular  to 
that  of  the  horizon  NEMO,  and  which  passes  through  the 
points  M  and  N.  This  circle  cuts  at  the  points  c  and  ^, 
the  arcs  ahc  and  d ef  into  two  equal  parts.  The  east 
point  of  the  horizon  is  represented  by  the  point  E,  and  the 
west  by  the  point  O :  it  is  from  E  towards  O  that  the  stars 
appear  to  move,  passing  in  the  middle  of  their  course 
through  some  point  of  the  celestial  meridian. 

The  true  cause  of  these  appearances,  is  the  motion  by 
which  the  earth  turns  round  its  own  axis  from  west  to  east 
in  the  space  of  twenty-four  hours#  We  proceed  now^  to 
explain  this  motion  by  means  of  figure  d,  which  represents 
the  globe  of  the  earth.  We  shall  suppose  the  point  A  to 
be  the  place  of  the  observer,  EMON  his  horizon,  and  the 
straight  line  Pp  to  represent  the  axis  round  which  the 
earth  performs  its  motion  of  rotation. 

It  is  easy  to  perceive,  that  the  horizon  of  the  observer, 
since  it  turns  along  with  him  during  the  rotation  of  the 
earth,  must  advance  towards  the  stars  successively,  so  as 
to  give  them  the  appearance  of  gradually  approaching  the 
horizon;  in  the  same  manner  as  a  vessel  leaving  or  ap- 
proaching the  land  causes  the  objects  on  shore  to  appear 
to  the  eyes  of  an  observer  on  board  to  be  in  motion. 

As  the  plane  MZN  of  the  meridian  turns  at  the  same 
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time  with  the  hoiizontal  plane  NEMO,  to  which  it  is  per- 
pendicular, it  must  point  succesavely  to  the  same  stars, 
which  will  then  appear  in  the  middle  of  that  part  of  their 
course  which  they  describe  above  the  horizon.  As  soon 
as  the  star  touches  the  western  verge  of  the  horizon,  that 
star  appears  to  set,  and  ceases  to  be  visible  until  the  mo- 
tioa  of  the  earth  has  brought  back  upon  it  the  eastern  ^ 
boundaiy  of  the  same  circle. 

This,  explanation  gives  directly  a  reason  for  the  diurnal 
appearing  and  disappearing  of  the  stars,  and  of  the  sun. 
But  in  order  to  conceive  the  use  which  is -made  of  these 
celestial  appearances  in  astronomy  and  geography,  it  must 
be  observed  that  these  motions  are  measured  only  by  on- 
g&^,  without  any  regard  to  absolute  length  and  real  dis- 
tances. For  examjple,  if  the  star  ^r,  fig.  2,  appear  first  in  Angular 
the  horizon  in  the  direction  of  the  visual  ray  AF,  and  be*"*"™*"* 
seen  afterwards  in  the  direction  of  the  ray  AG,  the  eye  of  ?^^**^ 
the  spectator  measiures  only  the  angular  space  FA&;  it  de- 
termines only  the  arc  of  the  circle  comprehended  in  this 
angle,  and  not  the  length  of  the  radius.  This  arc  is  esti« 
mated  in  degrees  and  parts  of  a  degree.  The  circumfer- 
ence of  every  circle,  whether  a  great  circle  or  a^smaU,  is 
su{q)osed  to  be  divided  into  360  degrees ;  each  degree  is 
divided  into  60  minutes,  and  each  minute  is  subdivided  in- 
to 60  seconds. 

It  is  easy  to  see  that  we  may,  with  regard  to  the  heaven- 
ly bodies,  substitute^  for  the  plane  NEMO,  which  touches 
the  earth,  a  parallel  plane,  passing  through  the  centre. 
The  reason  is,  that,  when  a  star  situated  at  I  appears  in  the 
horizontal  plane  which  touches  the  earth  at  the  point  A, 
an  observer,  placed  at  the  centre  of  the  earth,  would  see  the 
same  star  upon  the  line  CI,  so  that  it  would  appear  elevat- 
ed only  by  the  an^e  ICn,  which  will  be  so  much  the 
smaller,  according  as  the  star  is  more  distant.  The  figure 
renders  this  evident  with  regard  to  the  star  situated  at  the 
point  H.  The  distance  of  the  stars  being  almost  infinite, 
compared  with  the  semidiameter  of  the  earth,  which  sepa- 
rates the  [dace  of  the  observer  from  the  centre  of  the  globe, 
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diis  angle  beeiftaes  inseiiable  for  the  fixed  sUffs,  and  rerj 
0DMdl  fogr  the  pkuiets. 

We  may  substitute  then  without  error,  fig.  S,  instead  of 
the  pTffceding  %ure,  assunnng  far  the  horizontal  plane, 
with  regard  to  the  stars,. the  plane  NEMOpa«nng  through 
the  centre  of  the  earth,  and  parallel  to  the  {dane,  touching 
it  in  A ;  or,  what  i»  the  same  thing,  perpendicular  ta  the 
radius  C  A,  drawn  frotn  this  pmnt  to  the  centre  of  the  earth. 
We  may  conceiye,  in  the  same  manner,  the  plane  of  the  ce^ 
lestial  meridian  MZN,  to  be  extended  indefi^nitely  around 
the  centre  G  of  the  earth,  through  which  it  ought  necessa- 
rily to  pass,  since  it  passes  through  the  axis  Fp.  This 
plane  determines  upon  the  surface  of  the  earth  a  circle 
PA  J9,  which  passes  through  the  poles ;  this  circle  is  the 
terrestrial  meridian  of  the  place  A,  and'^at  the  same  lime,  of 
all  the  places  situated  upon  its  circumference. 

We  ought  to  observe  here,  that  the  horizon  represented 
by  the  circle  NEMO,  and  which  passes  through  the  centre 
of  the  earth,  is  called  the  rational  horizon^  to  distinguish  it 
-from  the  circle,  which  is  a  tangent  to  the  surface  that 
iMHinds  the  view,  and  which  is  called  the  sensible  horizon. 

The  line  drawn  from  the  centre  of  the  globe  through  the 
place  of  an.  observer,  ascertains  in  the  heavens  the  position 
•of  a  point,  Z.  This  point  is  perpendicularly  over  the  head 
of  the  observer,  and  is  called  the  zenith ;  the  same  line  pro- 
iduced  through  the  globe,  marks,  in  the  opposite  part  of  the 
heavens,  another  point  z,  which  is  called  the  nadir. 

The  position  of  the  line  ZAC,  which  is  called  the  verti- 
cal Une^  is  ascertained  by  the  direction  which  heavy  bodies 
take  in  falling,  as  that  of  the  horizontal  plane  is  indicated 
by  the  surface  which  water  at  rest  and  of  inconsiderabte 
extent  naturally  presentsf.  The  vertical  line,  or  that  which 
is  ascertained  by  a  thread  when  stretched  by  a  plumrait,  is 
perpendicular  to  a  like  surface.  This  is  the  proper  place 
to  point  out  the  precise  situation  of  the  antipodes.  As  gra- 
vity tends  every  where  towards  the  interior  of  the  globe,  it 
acts  at  a  in  the  direction  za  opposite  to  ZA ;  in  botji  places 
bodies  fail  towards  the  surface  of  the  earth.     The  people 
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placed  at.«,  having  their  ftet  opposite  to  the  feet  of  those 
who  are  at  A,  are  called  tht  aiUipodes  of  these  last.  The 
xenith  of  the  one  is  the  nadlt  of  the  other. 

It  follows  from  this  definitioD,  that  the  horizOi^  mnit  change  of 
ehange  its  position  relatively  to  the  stars,  when  the  observer  ****  *>»'«««>• 
changes  his  place  upon  the  surface  of  the  edrth.  If  he  re- 
moves, for  example,  from  A  to  o,  fig.  ♦,  directly  along  the 
satne  meridian  from  north  to  south,  the  horizontal  visual 
ray  iiMy  will  become  nm,  so  that  a  star  E,  situated  upon 
the  prolongation  of  the  former  ray,  will  appear  to  be  ele- 
vated above  the  horizon,  mn  by  the  angle  EC  m,  which  is 
precisely  equal  to  that  formed  by  the  radii  CA,  C  a  drawn 
to  the  centre  of  the  earth ;  for  the  angles  ACM  and  a  Cm 
being  right  angles,  if  we  take  from  each  the  common  angle 
MC  a,  it  h  evident  that  the  remaining  angles  MC  m  and 
AC  a  are  equal. 

It  was  upon  this  principle  that  Posidonius,  having  ob- 
served that  the  star  known  by  the  name  CanopuSy  appear- 
ed in  the  horizon  at  Hhodes,  while  it  appeared  at  Alexan- 
dria in  Egypt,  elevated  by  the  48th  part  of  the  circle,  or  T 
degrees  and  a  half,  concluded  that  Rhodes  was  distant 
from  Alexandria,  iti  the  direction  of  the  meridian,  by  the 
48th  part  of  that  circle.  It  is  true  that  the  Greek  philo- 
sopher, from  being  ignorant  that  Rhodes  and  Alexandria 
are  not  under  the  same  meridian,  was  wrong  in  imagining 
that,  by  this  observation,  he  had  determined  the  whole  cir« 
cumference  of  the  earth.  Still,  however,  his  principle  is 
true ;  it  is  the  same  that  is  employed  at  the  present  tim^ 
in  order  to  arrive  at  the  most  exact  determinations:  for, 
bejfbre  measuring  upon  the  earth  the  distance  between  any 
two  points,  it  is  necessary  first  to  find,  by  means  of  obser- 
vations made  upon  the  same  star,  what  ratio  the  arc  A  a  of 
die  meridian  plashing  through  the  two  points  of  observation, 
bears  to  the  whole  circumference. 

By  this  observation  is  ascertained  the  relative  position, 
with  regard  to  north  and  south,  of  one  place  a  to  another 
A ;  bi^  in  order  to  determine  in  a  mannet  more  precise, 
the  position  of  these  places,  there  is  required  some  fixed 
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term  of  oomparison.  Fc»:  this  purpose  we  conceive  a  plane 
to  pass  through  the  centre  of  the  earth  at  right  angles  to 
the  axis  of  rotation,  and  to  determine  upon  its  spherical 
surface  a  circumference  6£F,  fig.  5,  every  point  in  which 
is  at  the  same  distance  from  the  poles  P  and  p.    This  cir- 

Equator,  cle  is  called  the  €quator.  Now,  if  an  observer  be  situated 
upon  the  equator,  the  two  poles  will  be  found  exactly  in  the 
horizon ;  but  according  as  he  removes  f|rom  this  circle  to^ 
wards  either  pole,  that  pole  to  which  he  approaches,  will 
rise  above,  while  the  other  sinks  below  the  horizon.  Thus 
when  he  is  at  a,  fig.  4,  the  pole  F  appears  elevated  above 
the  horizon  by  the  angular  space  PC  n^  and  when  he  ar- 
rives at  A,  this  angle  being  increased  by  NC  n,  becomes 
PCN. 

Hei^ixif  The  height,  or  elevation  of  the  pole  above  the  horizon 
^  po  ^*  of  any  place,  is  equal  to  the  angular  distance  of  that 
place  from  the  equator,  estimated  in  the  direction  of  the 
meridian.  For  the  angles  ACN  and  GCP,  fig.  5,  being 
right  angles,  if  we  take  away  the  cominon  angle  ACP,  there 
remains  the  angle  AC6  equal  to  NCP.  By  inspecting  the 
same  figure,  we  perceive  that  tlie  height  to  which  the  points 
of  the  equator  rise  above  the  horizon  is  equal  to  the  com-^ 
plement  of  the  angle  ACG. 

Distances        It  is  sufiident,  therefore,  to  determine  for  any  place  the 

upooM^e    ^c^S^^  ^^  ^^  P^^®  above  the  horizon,  in  ord^  to  find  the 
earth  from  angular  distance  of  that  place  from  the  equator. 

"*  ''  In  the  re^ons  of  the  globe,  where  one  of  the  poles  ap- 
pears elevated  above  the  horizon,  the  stars  called  drcumpoU 
ar^  that  is,  those  stars  which  never  set,  furnish  directly  the 
means  of  determining  the  height  of  the  pola  As  they  ap- 
pear to  describe  circles  about  the  celesdal  pole,  each  must 
appear  equally  removed  from  it  in  all  directions ;  and  as 
they  twice  pass  the  meridian  during  a  diurnal  revolution  of 
the  earth,  namely,  once  above  the  pole,  and  once  below  it,, 
we  have  only  to  measure  their  angle  of  elevation  in  each  of 
these  positions,  and  to  take  the  arithmetical  mean  betweeii 
the  results,  in  order  to  obtsun  the  elevation  of  the  pole. 

By  Qieflsuring,  for  example,  at  Paris,  during  a  long  win* 
ter^s  night,  the  two  meridian  altitudes  of  the  pole  star,  we 
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find  that,  when  it  passes  above  the  pole,  its  altitude  is  60* 
37';  and  that  when  it  passes  below,  it  is  4/T  4' ;  the  sum 
of  these  being  97*=*  41' ;  the  mean  is  about  48^  80',  which 
is  within  a  few  seconds  of  the  altitude  of  the  pole  at  Paris, 
or  of  the  distance  of  that  city  from  the  equator. 

It  is  not  enough  to  know  merely  the  distance  of  a  place  DiAuice 
upon  the  earth  frofti  the  equator;  because  this  distance  w^^jth^n^ml 
common  to  all  the  places  which  e\j^  situated  upon  a  circle  to  their  mo- 
traced  upon  the  surface  of  the  globe  by  a  plane  parallel  td"  ^'*** 
the  plane  of  the  equator,  and  passing  through  the  place  in 
question.     In  order  to  distinguish  places  equally  distant 
from  the  equator,  it  is  necessary  to  know  their  meridians, 
the  meridian  being  different  for  each  place.     The  obser- 
vation of  the  celestial  motions  may  be  here  again  success- 
fully employed  in  the  manner  which  we  are  now  to  point 
out.  We  have  &een  that  the  circles  of  the  diflFerent  meridians, 
PAjp,  PLj9,  PM^;  &c.  fig.  6^  intersect  each  other  in  the 
axis  PC  J9, ;  but  since  all  these  meridians  turn  upon  this  line, 
they  must  also  correspond  successively  to  the  same  star ;  and 
the  time  which  elapses  between  the  passage  of  two  meridians, 
containing  between  them  any  angle,  will  thus  be  to  the 
time  of  the  entire  rotation,  as  the  angle  contained  by  these 
meridians  ia    to  the  whole  circumference  of  the  circle. 
Hence,  if  we  could  measure  the  first  of  these  intervals,  in 
order  to  compare  it  with  the  second,  we  would  be  able  to 
deduce  the  ailgle  which  the  two  proposed  mei-idians  form- 
ed with  each  ()ther.     To  obtain  this  comparison,  it  is  ne- 
cessary that  we  should  be  able  to  indicate,  by  a  signal  visi- 
ble at  the  sam'i3  time  at  places  under  the  two  meridians,  the 
moment  at  which  a  star  appears  upon  one  of  these  meridi- 
ans, this  instant  must  be  noted,  and  a  well  regulated  clock 
will  measure  thi3  time  which  elapses  between  this  passage 
and  that  of  the  i^me  star  over  the  other  meridian. 

When  we  have  determined  by  this  method  the  angle 
which  the  meriflian  PL jt?,  passing  through  the  placie  L, 
makes  with  the  aieridian  PAp,  passing  through  a  given 
place  A,  the  place  L  becomes  entirely  determined,  provid- 
ed that  we  alreacly  know  its  distance  GL  from  the  equator 
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EGF ;  for  it  will  necessarily  be  situated  at  the  intersection 

pf  the  semicircle  PL/?,  and  the  parallel  LM,  drawn  at  this 

given  distance. 

^^'d^      The  shxMTtest  distance  of  a  pla^e  from  the  equator  is  term- 

»nd  longi-  ed  its  latitude.    This  distance  is  measured  by  an  arc  of  the 

tudf!.         meridian  comprehended  betweQ^  the  place  and  the  equator. 

^Latitude  is  north  for  those  places  which  lie  between  the 

nordi  po^e  and  the  equator^  and  it  is  south  for  places  in  the 

opposite  hemisphere. 

The  angle  contained  by  two  meridians,  measured  by  an 
arc  of  the  equator,  or  of  a  circle  parallel  to  it,  is  termed  the 
difference  qflongUtide  of  the  places  situated  under  these 
two  meridians.  That  we  may  estimate  these  differences  in 
an  absolute  manner,  it  is  necessary  to  assume  9,Jlrst  raeri- 
diauj  the  choice  of  which  is  altogether  arbitrary,  and  ha^ 
varied  at  different  periods.  The  absolute  longitude  of  a 
place  is  therefore  the  angle  which  the  meridian  of  that  place 
forms  with  the  first  meridian.  ( 

We  have  just  seen  that  the  determination  of  the  diffe- 
rence of  longitude  of  two  places  upon  the  earth  requires  the 
use  of  a  signal  visible  at  the  same  time  at  both  places.     It 
is  evident,  that  for  places  s^arated  by  any  considerable 
/distance,  the  only  signals  sufficiently  elevated  must  fane 
sought  among  the  stars.     It  is  indeed  by  means  of  these 
celestial  bodies  that  the  geographer  determinf3S  the  position 
of  :places.     We  must  therefore  acquire  somo  idea  of  their 
motional,  particularly  of  the  motions  of  the  si  in  and  moon. 
Apparent        Every  attentive  observer  of  the  heavens  cnnnot  but  have 
motions  of  .remarked  that  the  sun,  besides  its  apparent  diurnal  motion, 
which  it  has  in  common  with  all  the  stars,  appears,  in  the 
course  of  a  year,  to  change  its  place  in  a  t  wofold  manner. 
First,  it  appesurs  to  rise  and  to  sink  alterufttely  towards  o»e 
or  other  of  the  poles,  or  towards  the  north  ar  id  south.  Again, 
if  we  observe  its  place  among  the  stars,  it  appears  either 
that  the  sun  recedes  daily  towards  the  .east ,  or  that  the  stars 
.advance  in  the  opposite  direction ;  for  the  stars  which  we 
see  at  any  time  set  immediately  after  the  sun,  are,  on  tie 
;follpwing  evening,  lostjamong  the  .rays  of  the  setting  «um.; 

3 


MATHEMATICAL  OB06EAFHY.  IS 

some  days  aflervards  thej  sre^ppcer  in  the  east,  and  their 
rising  precedes  daily  more  and  more  that  of  the  sun.  At 
last,  after  a  year,  or  about  S65  days,  the  sun  and  stars  ax« 
again  seen  in  the  same  relative  position. 

The  complexity  of  these  motions  is  yet  increased  by 
the  confusion  presented  by  the  iq>parettt  motions  of  the  other 
planets ;  sometimes  they  seem  to  be  hunied  along  by  an 
impetuous  whirlwind,  at  other  times  tiiey  appear  to  become 
stationary,  or  even  to  acquire  a  retrograde  motion.  The 
impossibility  of  reconciling  this  confusion  of  the  heavens 
wijdi  the  nK>st  simple  principles  of  physical  science,  involv- 
ed Ptolemy^  Tyoho-Brahe,  and  all  others  who,  like  them, 
maintained  the  doctrine  of  the  immobility  of  our  earth, 
in  a  labyrinth  of  contradictory  hypotheses.  Copermcus  re-  Hypotheiis 
duced  this  chaos  into  perfect  order  and  regularity,  by  sup-^°P^"*' 
posing,  with  some  ancient  philosopers,  that  while  the  earth 
turns  upon  its  own  axis  from  west  to  east  in  the  interval  of 
a  day,  its  mass  having  at  the  same  time  a  motion  in  abso- 
lute space,  likewise  from  west  to  east,  peiforms,  in  a  plane 
incUned  to  the  equator,  an  entire  revolution  round  the  sun 
in  the  space  of  a  year. 

This  double  motion,  which  some  minds  still  find  it  diffi- 
cult to  eonceive,  presents  itself  nevertheless  to  our  view  in 

« 

the  top  which  furnishes  an  amusement  of  diildhood ;  at  the 
same  time  that  it  turns,  by  a  mqcioai  <^  rotation,  upon  tfae^ 
piece  of  iron,  which,  passing  through  it,  forms  its  axis,  it 
describes  also  upon  tlie  ground  an  orbit  composed  of  curves 
which  depend  upon  the  impulse  that  it  has  at  first  receiv- 
ed. 

We  proceed  to  the  explanation  <of  ..the  apparent  motiians  Real  mo- 
of  the  sun,  according  to  the  hjrpothesis  of  Copernicus.  14e  ^^^  **** 
axis  of  the  earth,  with  regard  to  the  plane  of  the  ed^tic, 
that  is,  of  the  circle  which  the  centre  of  the  earth  desafxbes 
in  its  annual  motion  round  the  sun,  remaining  always  pa^ 
lallel  to  itself,  p'esents  alternately  each  of  its  poles  tow^ards 
die  sun.  This  phenomenon  may  easily  be  illustrated  by 
fig.  7,  in  which  the  lines  P  j»,  wluch  are  parallel  to  each 
other,  represent  the  axis  of  Uie  earth,  S  the  centre  lof  the 


18  BOOK  riEST. 

tun,  and  ABCD  the  ell^tic  curve  which  the  -  earth  des- 
cribes about  the  sun.  In  consequence  of  this  parallelism 
of  the  axis,  the  pole  F,  which  is  the  one  nearer  to  the  sun 
when  the  earth  is  at  B,  becomes  the  more  remote  when  the 
earth  is  at  D ;  because  in  the  former  position  the  inclina* 
lion  of  the  part  BP  of  the  earth^s  axis  is  directed  towards 
the  inside  of  the  curve  ABCD ;  but  in  the  latter  it  is  du 
rected  towards  the  outside.  At  the  two  intermediate  points, 
A  and  C,  the  axis  FP  is  inclined  neither  towards  the  sun 
nor  from  it;  but  in  every  other  point  of  the  orbit  ABCD, 
it  necessarily  takes  an  inclined  position  relatively  to  the 
sun.  These  different  portions,  being  the  cause  of  the  diffe. 
rence  of  the  seasons,  deserve,  however,  to  be  explained  more 
in  detail. 
■ESeets  of  Let  US  examine  the  position  in  which  the  pole  F  is  di- 
thedifferratf^Q^  towards  the  sun,  and  which  is  represented  in  iSg.  8. 
theeazth.  A  single  glance  shews  us  that  the  surface  of  the  earth  is 
at  every  instant  divided  into  two  parts,  the  one  illuminated 
by  the  sun,  and  the  other  deprived  of  his  light.  The  com- 
mon boundary  of  these  two  parts  is  determined  by  the  great 
circle  IL  A:,  whose  plane  is  perpendicular  to  Ae  line  SO 
drawn  from  the  centre  of  the  sun  to  that  of  the  earth.  To 
tins  line  we  suppose  the  sun'^s  rays  to  be  parallel ;  seeing 
that  from  the  great  distance  of  the  sun,  and  the  small  dia- 
meter of  the  earth,  all  convergency  or  divergency  become 
insenfflble.  It  appears  evident,  therefore,  that  the  circle 
IL  At,  which  is  denominated  the  circle  of  iUuminationy  em- 
braces the  whole  surface  which  the  earth  presents  to  the 
sun.  Hence  we  see  that  the  equator  ELF,  being  a  great 
circle,  and  consequently  divided  into  two  equal  parts  by 
the  circle  of  illumination ;  each  point  of  the  equator  must 
necessarily  be  illuminated  by  the  sun  during  half  the  time 
that  the  earth  requires  to  perform  its  diurnal  revolution. 
We  eee  besides,  that  all  the  circles  described  by  the  differ^ 
ent  points  of  the  arc  F£  are  unequally  divided  by  the 
circle  of  illumination,  and  that  this  inequality  becomes  more 
sensible  according  as  the  circles  are  farther  removed  from 
the  equator.  In  this  case  the  greater  of  the  two  portions  lies 
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upoD  the  iUuminated  side  of  the  eatth ;  and  it  is  only  the 
smaller  portion  which  lies  uplon  the  dark  side :  for  all  these 
points,  therefore,  the  length  of  the  day  must  exceed  the 
length  of  the  night.  With  regard  to  the  wholfe  region 
eomprehended  within  the  drcle  IK,  described  by  the  point 
I,  there  can  be  no  night,  since  that  circle  lies  entirely  upon 
the  illuminated  ade  of  the  globe. 

The  other  hemisphere  "EpF  must  necessanly  present 
an  appearance  in  every  respect  the  reverse  of  that  which  we 
have  now  described.  The  length  of  the  days  must  there 
diminish  as  we  approach  the  pole ;  and  the  polar  region, 
which  lies  entirely  upon  the  dark  side  of  the  earth,  is 
buried  in  perpetual  night. 

We  see  also,  by  the  same  figure,  that  while  the  earth 
revolves  upon  its  axis,  the  point  in  which  the  line  SHG, 
joining  its  centre  with  that  of  the  sun,  intersects  its  surface, 
traces  upcm  it  a  circle,  all  the  points  of  which  come  succes- 
sively  to  receive  the  perpendicular  rays  of  the  sun ;  but  if 
we  remove  frwn  it  towards  either  pole,  we  enjoy  only  the 
oblique  rays.  Hence  it  follows,  the  nearer  a  place  is  to 
the  circle  passing  through  the  points  G,  H,  the  higher  will 
the  sun  appear  to  rise  above  its  horizon. 

Let  us  now  consider  the  length  of  the  days  and  nights  at  Position  of 
the  time  when  the  earth  is  situated  at  the  point  A  or  C.    In  ^i^l  ^^^^ 
this  position  the  solar  ray  S A  or  SC,  Fig.X  is^directed  towards  noxcs. 
the  centre  of  the  earth,  in  a  line  perpendicular  to  the  axis ; 
and  the  equator,  as  well  as  all  the  circles  parallel  to  it,  are 
divided  into  equal  parts  by  the  circle  of  illumination :  but 
since  the  extent  d^  the  enlightened  part  of  the  earth  is 
equal  to  that  of  the  dark  part,  the  length  of  the  day  must 
therefore  be  equal  to  that  of  the  night,  for  every  point  of 
the  surface  of  the  earth.     The  seasons  at  which  the  centre 
of  the  earth  is  in  these  two  positions,  have  been  denomi- 
nated the  equinoxeM ;  and  as  tlie  sun  is  then  in  the  plane 
of  the  equator,  that  drcle  has  thus  received  the  qame  of 
the  equinoctial  linff  or  amply  of  the  line. 

The  time  which  elapses  during  the  earth^s  motion  from  Astronomic 
the  point  A  to  the  point  B  in  figure  7,  is  denominated  the  ^  '^^^ 

TOl,.  I.  c 
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nHronomicai  sprinff,  for  tbe  hemisphere  BPF.    As  the 
earth,  settiilg  out  £rom  the  spring  equinox,  ttdyances  in  its 
orbit,  the  plane  of  the  equator  becomes  more  and  more  de- 
pressed in  relation  to  the  sUn,  which  appears  to  rise  to- 
wards the  pole.     When  the  sun  has  attuned  its  greatest 
apparent  idtitude  at  the  point  B,  the  semi-axis  BP  of  the 
earth  has  then  its  greatest  possible  inclination  towards  the 
sun,  which  at  this  season  appears  nearest  to  the  pble  !P ; 
that  day  is  the  longest  of  the  year,  and  the  summer  of  the 
hemisphere  EFF  commences.     This  situation  of  the  axis 
appearing  to  remidn  the  same  for  several  days,  this  point 
is  called  the  summer  s<Jstice.     This  is  the  position  which 
we  have  examined  in  detail  in  figure  8,  and  which  corres- 
ponds  to  the  summer  of  our  regions.     The  earth  having 
arrived  at  the  second  equinox  C,  autumn  commences  in 
the  hemisphere  which  we  inhabit.    At  this  season,  the  sun, 
appearing  to  descend  in  the  heavens,  returns  to  the  plane 
of  the  equator,  in  which  be  again  appears  to  pei-form  his 
diurnal  revolution.     Having  crowed  the  equator,  the  sUn 
'still  appears  to  desceiid  below  it,  while  the  semi-axis  CP 
inclines,  at  the  same  time,  moiie  and  more  in  the  opposite 
direction,  until  the  earth  has  reached  D,  the  point  at  which 
the  winter  of  the  hemisphere  fePF  commences :  tiie  axis 
then  remaining  for  several  days  almost  in  the  same  situa- 
tion, this  point  is  named  the  winter  solstice.    The  portion 
of  the  earth  at  this  point  may  be  examined  by  help  of  fi- 
gure  '9,  which  represents  the  Winter  of  our  regions,     'the 
duratdon  of  this  season  is  determined  by  the  titale  which  the 
earth  employs  in  returning  t6  the  point  A.     During  this 
period,  Uie  pole  P  is  approachii^g  the'  sun,  which  conse- 
quently appears  to  ascend  towards  the  e^^ator,  at  which  it 
arrives  when  the  earth,  returning  to  the  point  A,  2ims3ies 
its  annual  revolution. 

r  

In  the  opposite  hemisphere  E^y  F,  the  suocessibn  of  the 
seasons  is  reversed,  so  that  the  spring  of  this  hemisphere 
answers  to  the  autumn  of  the  other,  and  so  on. 

We  remark  farther,  that  the  orbit  of  the  earth  ABCD, 
Fig.  7.  being  an  ellips^e  or  oval,  in  one  of  the  foci  of  whicl^ 


MAXHJKMATICAA  GfeOGRAPHT.  10 

the  mn  te  sihiated^  the  earth  etn^oys  a  greater  number  of 
days  iti  movifig  froih  the  point  of  the  spring  equulox  A, 
through  the  summer  solstice.By  to  the  point  of  the  autum- 
nal equinot  C,  than  in  describing  the  retnaimng.  part  of  its 

orbit.    Thi$  circumstance  ^ves  to  the  northel*n  hemisphere  Adyanta. 
which  we  inhabit,  the  advahtageof  a  j^ring  atid  a  "^^^mer^"^^* 
a  little  longer  than  tho^  enjtiyed  by  4he  inhabitants  of  the  hemisphere, 
soulherh  hemisphere. 

The  first  astrmiomeirS)  in  otd&t  the  better  to  estimate  The  zodiac 
this  apparent  motion  of  the  sun,  reierred  it  to  the  eonstel- 
lations  or  groups  bf  fiited  stars  through  which  the  sun  ap- 
pears  successively  to  pass,  and  which  are  twelve  in  num- 
ber. The  following  are  their  names,  and  the  characters 
which  are  used  for  representing  them ; 

<Y»  Aries,  y   Taurus,  n  Gemini,         Thetweirc 

sa  Cancer,  SI  Leo,  iir  Virgo,  "^^ 

^  Libra,  nt  Scorpio,  ^^^  Sagittarius, 

eg   Capricomus,        -:  Aquarius,  k  Ksces. 

These  representations  of  animals,  which  astronomers,  in 
the  infancy  of  the  science,  supposed  to  be  traced  upon  the 
heavens,  led  them  to  give  the  name  of  Zodiac  ^  to  the  zone 
which  these  twelve  constellations  occupy.  Each  constel- 
lation is  called  a  sign.  It  is  parbper  to  remark,  that,  iti 
consequence  of  a  particular  slow  motion  of  the  axis  of  the 
eardi,  the  comiteUations  no  longer  correspond  to  the  same 
points  of  the  orbit ;  but,  as  we  confine  the  name  of  signs 
to  the  twelve  divinons  of  the  circumference  rf  the  circle 
which  measures  the  whole  revolution  of  the  earth,  and  as 
these  divisions,  each  of  whidi  contains  80  degrees,  do  not 
change,  the  spring  equinox  always  corresponds  to  the  first 
point  of  the  idgn  Aries  ;  the  summer  solstice  coincides  with 
the  first  point  of  Cancer;  the  autumnal  equinox  falls  up- 
on the  first  point  of  Libra  ;  and  the  winter,  solstice  upon 
the  first  point  of  Capricomus^  although  the  constellations 
or  groups  of  stars  to  which  these  names  belong,  have  ceas- 
ed to  be  connected  with  these  seasons. 

s 
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The  tro- 
pics. 


Polar  dr* 


Teirestiial 
zones. 


Ctimates. 


The  apparent  motion  of  the  8un,  by. which  he  recedes 
from  the  equator,  sometimes  towards. the  north,  and  some- 
times towards  the  south,  causes  him. to  pass  successively 
through  the  zenith  of  all  the  points  of  the  earth^s  surface, 
comprised  between  the  two  circles  GH  and  ^  A  (Figs.  .8  and 
9.)  parallel  to  the  equator,  and  upon  which  the  rays  of  the 
sun  fall  vertically  at  the  two  solstices.  These  limits,  at 
which  the  sun  appears  to  stop  and  to  retrace  his  steps, 
have  received  the  name  of  ^rqpic^,-— that  is,  circles  of  re-> 
turn  °.  That  which  corresponds  to  the  summer  solstice,  is 
called  the  trcpic  of  Cancer,  and  the  other,  the  tropic  of 
Capricorn. 

The  circles  IK  and  %  ky  which  circumscribe  towards  each 
pole,  the  part  of  the  earth^s  surface  deprived  of  the  solar 
rays  when  the  sun  is  in  the  opposite  hemisphere,  are  deno- 
minated polar  circles ;  the  on^  is  called  the  arctic,  and  the 
other  the  antarctic  polar  circle. 

The  surface  of  the  earth  is  thus  divided  into  five  zones, 
or  belts,  by  the  polar  circles  and  the  tropics :  those  which 
are  enclosed  by  the  polar  circles,  being  deprived  of  the 
heat  of  the  sun  for  a  great  part  of  the  year,  and  during  the 
other  part,  receiving  its  rays  but  very  obliquely,  h^ve  de- 
(wrvedly  received  the  pame  ofJHgidy  or  frozen  zones.  Two 
other  zones,  one  in  each  hemisphere  comprehended  between 
the  polar  drcle  and  the  tropic,  receive  the  sun^s  rays  less 
obliquely  than  the  frozen  zones,  but  never  vertically ;  these 
are  the  temperate  zones.  Lastly,  the  zone  comprehended 
between  the  two  tropics,  each  point  of  which  passes  twice 
under  the  sun  in  the  year,  and  which  receives  constantly 
the  solar  rays,  in  a  direction  very  little  oblique,  has  ob- 
tained the  name  of  the  torrid  zone.  We  shall  elsewhere 
recur  to  the  physical  qualities  of  these  great  regions  of  the 
globe. 

The  ancient  geographers  frequently  made  use  of  a  divi- 
sion of  the  earth  into  climates,  which  was  founded  upon 

he  length  of  the  day,  compared  with  that  of  the  night  ^t 


°  From  r(«r9,  a  return. 
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the  summer  solstice.  The  climates  are  counted  by  the  dif- 
ference of  half  an  hour,  until  we  reach  the  polar  circle, 
where  the  diflPerences  succeed  each  other  more  rapidly; 
from  that  circle  to  the  pole  they  are  reckoned  by  the 
month  °. 

I^he  contrast  of  the  seasons,  in  the  hemispheres  situated 
to  the  north  and  to  the  south  of  the  equator,  has  given 
rise  to  certain  distinctions  which  it  is  necessary  to  know, 
ds  they  are  sometimes  met  with  in  ancient  books  of  geo- 
graphy. The  people  who  live  under  the  same  meridian, 
and  at  the  same  latitude,  on  opposite  sides  of  the  equator, 
are  called  antceci^;  they  reckon  the  same  hours  at  the  same  AntawL 
instant,  but  they  have  opposite  seasons.  Those  who  live 
under  opposite  meridians,  upon  the  same  side  of  the  equa- 
tor, and  at  equal  distances  from  it,  are  called  |7m^m 4:  FeruBcL 
they  reckon  at  the  same  instant  opposite  hours,  the  one 
having  midnight  when  the  other  have  mid'-day ;  but  lying 
towards  the  same  pole,  they  enjoy  the  same  seasons. 

The  ancient  geographers  distinguished  the  inhabitants 
of  the  earth  likewise  according  to  the  direction  of  their 
shadows.     They  called  heteroscii^  those  who  inhabit  the  Hctcroscii. 
temperate  zones,  because  their  shadows,  being  always  turn- 
ed towards  that  pole  which  is  elevated  above  their  respec- 
tive horizons,  fall  consequently  in  opposite  directions.    The 
inhabitants  of  the  frozen  zones,  who,  at  one  time  of  the 
year,  enjoy  the  presence  of  the  sun  for  upwards  of  twenty- 
four  hours,  see  that  luminaCry  make  a  complete  circuit 
round  the  heavens,  so  as  to  project  their  shadows  in  all 
directions;  hence  they  have  been  called periscii* ,     Lastly, PerisdL 
the  inhabitants  of  the  torrid  zone  are  called  amphiscii  or 
ascii*,  because  their  shadows,  which  are  almost  nothing  at^P  **°** 
mid-day,  are  directed  by  turns  towards  either  pole. 

o  See,  at  the  end  of  the  volume,  a  Table  of  the  Climates. 

P  JFrom  avrty  opposite'  to,'  and'«/xi«s,  ahabitatioD. 

4  From  fTi^i,  about*  and  «/»/«,  a  habitation. 

'  From  Irt^est  different,  and  fx/A,  a  shadow. 

*  From  fTf^/  and  ^*ta ;  see  abote* 

'  Ftrnn  »fi^t,  around,  or  from  at,  tpithout,  and  ^«<a.' 
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The  right.      We  pass'to  ^  di^tiQC^oq  pf  more  importance.     In  con- 
and^"  raUei  ^i^^"*'S  ^^^^  phcn^Jinena,  we  di^^inguUh  tbrep  position*  of 
sphere.       the  sphere^  that  h,  of  thci  assemblage  of  diff^^rent  drcles 
wfaibh  we' have  now  pointed  out)  and  which  aorye  to  deter- 
mine the  relative  positions  of  the  heavenly  bodies. 

To  the  wiMbitmW  at  th^  eqiji^tor,  the  sphere  is  said  to 
herigkif  because  tbe  plane  of  that  circle  pas^ng  through 
th^v  zenith  is,  with  regard  tp  tlifem,  perpendicular  to 
the  hanvan;  and  benc^  the  hefivenly  bodies,  which,  in 
their  apparent  diuHial  motbp,  describe  parallels  to  the 
equator,  appear  to  rise  and  tp  descend  yerticallj  in  refer- 
enoe  to  the  hori^n^  To  the  people  ^ho  dwell  between 
the  equator  and  the  poles,  the  sphere  is  said  to  be  oblique^ 
because  ihe  equator  cutting  their  horizon  obliquely,  the 
apparent  courses  of  the  heavenly  bodies  pan  never  be  per- 
pendicular nor  parallel  to  their  horizon,  Lastly,  at  either 
pole,  the  horizon  coincides  with  the  equator,  so  that  the 
heavenly  bodies  describe  circles  parallel  to  the  hpriaon : 
to  an  inhabitant  of  the  pcde,  therefore,  were  there  any  such, 
the  sphere  would  appear  paraUel. 

As  the  limits  of  the  zones  And  of  the  climates  dqiend 
upon  the  inclination  of  the  axiis  of  the  earth  to  the  plane  of 
the  ecliptic,  it  is  of  importance  to  determine  this  inclina- 
tion. We  may  easily  discover  it  by  observing  at  one  and 
the  same  place  the  greatest  and  least  altitude  of  the  sun, 
when  it  passes  the  meridian  ot  the  summer  and  winter  sol- 
stices. For,  since  in  both  cedes  the  sun  is  equally  distant 
fiXHn  the  equator,  on  the  one  side  and  on  the  other,  this 
circle  must  cut  the  meridian  at  a  mean  altitude  between 
the  extreme  altitudes  of  the  sun;  and  the  diffibrence  of 
these  altitudes  will  be  double  of  the  angular  distance  to 
which  the  sun  recedes  from  the  equator  towards  the  north 
and  soutli.  We  shall  determine  at  once,  therefore,  this 
distance,  and  the  position  of  the  equator  above  the  hori- 
zon, as  soon  as  we  have  obtsuned  the  latitude  of  the  plate 
of  observation. 

At  Paris,  for  example,  the  sun  rises^  at  the  summer  sol- 
stice, to  64®  38'  above  the  horizon,  and  to  IT""  42',  at  the 
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winter  sokticc^  Th^  $um  of  t^^se  ultitudes  is  SS"  iffy  of 
which  the  half  is  41''  ]0':  thi^l  is  the  height  of  the  equator 
abqye  th^  horizon  of  iParis ;  and3  taking  its  complement 
to  a  right  angle,  or  to  90%  we  find  that  the  distance  of 
the  equator  from  the  zenith,  pr  the  latitude  of  Paris,  ifl| 
48^  60'. 

By  subtracting  the  one  of  these  altitudes  of  th^  9un  froni 
the  other,  we  find  a  difierence  of  46°  S6',  of  which  the 
half»  or  SjS^  28\  is  equiil  tq  the  pumbei*  pC  d^gr^s  to  which 
the  sun  recedes  from  the  equator  towards  either  pole. 
Such  is  the  angle  which  tb^  p]Af)^  of  th^  equi^tpr  and  eclip- 
tic make  with  ^^b  oth^i:i. 

This  is  what  is  called  \h^  oUiqyiJ^  qfih^  ecliptic.  It  is  Obliquity 
not  inyariable  %  pbaervatioQs,  joiped  with  the  calculation  of  tic  ^^ 
the  forces  which  produce  the  nH>tipQs  of  the  planets,  have 
shewn  that  the  inclination  of  the  terresiirial  equator  is  sub- 
ject to  a  diminution  of  abput  50"  in  a  century,  till  it  reaches 
a  certaia  hmit  which  is  not  yet  exi^ctly  determined,  afler 
which  time  it  begins  to  increase  "•  The  terrestrial  zones 
vary  therefore  in  pipportio^  to  this  chaqg^  By  assuming 
the  mean  of  the  present  obliquity  of  the  ecliptic,  we  find 
that  if  we  divide  the  surface  of  the  ^arth  into  10,000  equal 
parts,  the  torrid  zone  will  occupy  3982  of  these  parts,  the 
two  temperate  zones,  5191,  and  the  two  frigid  zones  the 
remaining  827  parts.    ' 

The  two  combined  motions  of  the  earth  produce  in  the 
estimation  of  time  a  difference  that  influences  the  method^ 
by  which  geographical  positions  are  determined.  We  dis- 
tinguish several  kinds  of  days  and  oi  years. 

The  tropical  or  sciar  year  is  the  time  which  the  earth.  Tropical 
setting  out  from  one  of  the  equinoxes,  occupies  in  describ- 
ing  the  ecliptic,  so  as  to  return  to  the  same  point :  it  com- 
prehends 865  mean  days,  5  hours,  48  minutes,  50  second^. 
It  is  denominated  the  tr&pical  year^  because  this  interval 
of  time  must  elapse,  in  order  that  each  season  may  return 
in  the  same  order  as  before.     In  consequence  of  the  appa- 

u  Laplace*  Systdme  du  Moude,  p.  1]  et  197. 
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rent  motion  of  the  poles,  or  of  the  axis  of  the  earth,  the 
equinoctial  points,  as  well  as  all  the  other  points  of  the 
ecliptic,  appear  to  have  a  retrograde  motion  with  regard  to 
the  stars.  This  motion  is  denominated  the  preeession  of 
the  equinoxes.  Astronomers  have  estimated  it  at  about 
50"  in  a  year ;  which  lengthens  the  annual  revolution  of 
the  earth  by  30'  84'^^  when  it  is  compared  with  the  stars. 
iSiderial  The  period  of  this  revolution  is  named  the  atderkdyear^ 
^*^'         and  consists  of  365  days^  6  hours,  9  minutes,  and  112 

seconds. 
Mean  dsy. '  The  length  of  the  astronomical  mean  day,  which  is  di' 
vided  into  twenty-four  hours,  is  determined  by  the  inters 
val  which  elapses  between  two  consecutive  passages  of  the 
sun  over  the  meridian  of  the  same  place,  supposing  this 
apparent  motion  of  the  sun  to  be  performed  with  an  uni* 
form  velocity.  But  it  is  necessary  to  observe^  ^^^9  that 
our  earth  does  not  occupy  quite  24  hours  in  its  rotation, 
because  that  in  die  same  time  which  it  employs  in  revolv. 
ing  round  its  axis,  it  advances  in  its  orbit  towards  the  east 
about  a  degree  in  space,  corresponding  to  four  minutes  of 
time,  or  more  exactly  to  6  minutes  56  seconds.  Hence  it 
follows  that  the  interval  between  two  passages  of  a  fixed 
star  over  the  same  meridian,  which  measures  the  true  time 
Siderial  of  the  earth's  rotation,  or  of  the  Mcrial  day^  is  only  S3 
^^*  hours  56'  4".     The  siderial  day  can  scarcely  be  employed 

for  measuring  time  in  civil  life,  because  the  siderial  hours 
never  coincide  with  the  solar  hours. 
Solar  day.  We  make  use  therefore  of  the  »olafr  da^y  that  is,  of  the 
time  of  a  revolution  of  the  earth  about  its  axis,  in  refer- 
ence to  the  sun ;  but  this  time  is  not  the  same  at  all  the 
points  of  the  orbit,  or  at  all  seasons  of  the  year.  This 
inequality  arises  from  two  distinct  causes :  .the  oUique  po- 
sition of  the  ecliptic  with  regard  to  the  equator,  and  the 
inequality  of  the  apparent  motion  of  the  sun  in  the  ecliptic. 
'  The  obliquity  of  the  ecliptic  causes  the  arc  of  the  equator, 
which  passes  the  meridian  in  the  same  time  with  the  diur- 
nal arc  of  the  ecliptic,  to  be  not  always  equal  to  it,  but  to 
be  sometimes  greater  and  sometimes  less*    With  regard  to 
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the-second  cause,  we, observe  that  tbe'Sun^  being  placed  in 
one  of  the  foci  of  the  elliptic  orbit  of  the  eavdi,  appears  to 
move  more  slowly  in  the  six  northern  signs  than  in  the  six 
southern ;  and  this  difference  of  velocity  is  sufficient  to  ren- 
der unequal  the  diurnal  arcs  of  the  equator.  It  arises  from 
the  union  of  these  two  causes,  that  the  length  c£  the  solar 
day,  compai%d  with  the  time  of  the  earth*s  rotation,  is  some^ 
Umes  less  and  sometimes  greater  than  twenty-foinr  hours ; 
aud  this  inequality  will  always  be  greatest  when  the  two 
causes  which  we  have  just  explained  concur  in  accumulat- 
ing the  differences  in  the  same  direction.  The  series  of 
these  differences  form  what  is  called  the  eqticUioTv  of  time^ 
or  the  quantity  which  must,  at  certain  seasons,  be  added 
to,  and  at  othm*  seasons  subtracted  from,  the  hour  indicat- 
ed by  i^locks,  which  are  regulated  by  the  sun,  and  mark 
the  tru€  time,  if  we  wish  to  get  the  mean  or  astronomical  Mean  or 
time.     Now,  it  is  for  mean  time  that  the  astronomical  ta.  ««5'onomi- 

'  ^  cal  time« 

bles  areconstructed^  by  help  of  which  we  calculate  the  mo- 
tioQs  of  the  stars,  and  from  these  motions  deduce  the  geo« 
graphical  positions  of  places.  ' 

.  We  have  now  considered  the  earth  in  relation  to  the  Motions  of 
sun ;  but  it  is  also  very  closely  connected  with  the  moon.  ^*  °^*^°''' 
This  satellite  o^^ur  planet  performs  its  revolution  round  A  mdntli. 
the  earth  in  £7  days  7  hours,  48'  11" :  this  time  is  usually 
csS^edi  B,  periodical  month.  It  is  observed,  that  the  moon 
employs  a  little  more  than  this  time  to  return  to  the  sun 
after  each  conjunction.  The  true  cause  of  this  difference 
is,  that  the  earth,  and  consequently  the  moon  its  satellite, 
advances  in  the  ecliptic,  while  the  moon  describes  her  orbit ; 
SD  that  before  the  moon  comes  into  the  same  position  rela- 
tively to  the  sun,  S  days  and  about  5  hours  elapse,  beyond 
the  time  required  for  completing  a  revolution.  The  whole 
time  occupied  in  returning  to  the  sun  is  S9  days  13  hours, 
44'  3"  10'^'.  This  space  of  time  is  called  a  synodiccd 
ftumih^  or  lunar  month.  It  commences  from  the  moment 
when  the  moon  is  directly  between  the  sun  and  the  earth,- 
in  which  position  the  moon  is  said  to  be  in  conjunction. 


SS  BOOK  FIRSV. 

Thib  aspetct  is  separef^DJted  in  figure  10,  where  S  cepresents 
the  sun,  'if  l3^  earthy  and  L  the  moon. 

In  deacnisdrig  itt  orbit,  theouxm  takes^  witli  regaid  to 
the  sun,  maby  sitoatidDS,  from  which  arise  the  aspects,  or 
phases^  which  it  aasumeft.  The  mcKm  being  an  opaque 
body,  can  be  seen  only  in  as  £ir  as  it  r^ects  the  J^ht  that 
it  receives  from  the  sun ;  ^  can  he  visible  to  us,  therefore,  • 
only  wheA  it  begins,  alt^r  having  passed  the  point  L,  to 
turn  toward*  the  earth  a  portion  of  its  enlightenied  disk. 
This  portion  increases  acixnrding  as  f he  moon  recedes  from  • 
the  sup,  until  it  arrive^  at  L\  the  opposite  point  of  its  or- 
bits, when  th^  earth  being  between  it  and  the  sun,  we  see 
the  whole  enlightened  hemisphere ;  the  inoon  then  appears 
full,  and  is  said  to  be  in  opp<mtion  with  the  sun. 

The  QQpj  unction  and  opposition  of  the  moon  with  regard 
tp  the  sup»  or  the  new  add  full  moon,  are  what  aie  called, 
the  ^zygk^n  When  the  moon  is  distant  from  the  sun  a 
fourth  part  of  the  circumference,  as  at  i  or  •',  It  is  in 
qmdrgiwe^  and  shews  only  one-half  of  its  enlightened  he- 
misphere. It  is  the  first  or  last  qiif^rter,  according  as  the 
roupd  edge  of  the  enligbtenisd  part  is  towards  the  west  or 
eapt. 
Eclipses  pf  One  ijiTovild  be  led  tp  spppp^  that  the  moon,  every  time 
the  sun  and  j^  gpm^^  into  conjunction  with  the  sun,  ought  to  conceal 
from  u«  the  whole,  or,  at  least,  a  part  of  the  disk  of  the  sun ; 
and  that  every  time  it  is  ib  opposition,  it  ought  to  pas» 
through  the  shadow  which  the  earth  projects  behind  it ;  so 
that  there  would  be,  ip  the  former  case,  an  edipie  qf  t1)€ 
s^m,  and  in  the  latter,  an  eclipse  of  the  moon.  These  phe^ 
nom^na  do  not,  however,  occur  at  every  new  and  full 
moon ;  and  the  reason  is,  that  the  plane  of  the  mooh'^s  orbit 
is  inclined  to  that  of  the  ecliptic,  and  that  these  two  planes' 
meet  one  another  ^nly  in  their  line  of  common  section, 
which  passes  through  the  centre  of  the  earth.  It  is  evident 
that  the  moon  is  not  in  the  plane  of  the  ecliptic,  except 
wheu  it  passes  through  one  or  other  of  the  extremities  of 
this  line,  that  is  to  say,  when  it  is  in  the  nodes  of  its  orbit* 
When  the  conjunctions  and  oppositions  coincide  with  the 


moon. 
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nodes,  there  are  edipfles ;  in  the  opposite'  cme  no  ellipse 
happens.  We  shall  oomprehted  faetleti  tbe^e  particulars 
by  comparing  figure  10,  which  repiiemM  in  a  geometrical 
phne  the  orbiC9  of  the  earth  and  Of  the  moon,  with  figure 
1 1,  wludhi  diows  their  ^eelJOfi  or  prffik$  aloi^  the  line  ST* 
This  line  ST  represents  the  plane  of  the  ^iptic,  imd  L  f 
that  of  the  limar  orbit  We  proceed  now  to  point  put  in 
what  manner  the  observatiuti  of  these  pbei^onfiena  enable  u$ 
te  determine  the  longitude  of  a  place  upcMi  the  earth*  • 

We  know,  that  in  order  to  find  the  difference  of  longi- 
tude between  two  places,  it  is  only  required  to  ascertain 
precisely  the  hour  which  is  reckoned  at  the  $anie  in$tant  at 
each  of  these  places,  by  the  observation  of  Some  instantane^ 
ous  f^enomenon  which  isan  be  seen  at  both. 

The  eclipses  of  the  moon  appear  at  first  view  the  most  Longitude 
{avofnraUe  phenom^a ;  for  the  entrance  of  the  mopn  into  J^  J^^ 
the  shadow  of  the  earth  takes  place  at  the  same  instant  fpar^^oom, 
all  the  points  of  the  hemisphere  which  is  then  turned  to- 
wards the  moon ;  that  is,  for  all  the  places  wbeife  the  eclipse 
can  be  observed ;  besides,  the  spoti?  visibly  upon  the  lunar 
diA,  afford  the  means  of  making  several  observations  upon 
the  same  eclipse,  by  marking  with  precisiqn  the  time  of  the 
disappearing  of  each  spot  at  its  entrance  into  the  shadow,  or 
the  immeraiony  and  that  of  its  reappearing  at  its  coming 
out  of  the  shadow,  or  the  emersion :  supposing  that  we 
have  determined  at  each  place  the  true  time  of  this  obser** 
vation,  the  diflference  of  these  times,  converted  into  degrees 
of  the  equator,  will  give  immediat^sly  the  difference  of  the 
longitudes.  If  all  the  results  obtained  do  not  exactly 
agree,  the  mean  of  all  the  observations  is  commonly  taken; 
but  is  is  much  better  U)  exaniine  in  detail  the  circumstances 
which  have  accompanied  each  observation,  appreciating  acr 
cordingly  the  relative  accuracy  of  each,  and  to  compare  only 
those  which  are  free  from  all  suspicion  of  inaccuracy  \ 

^  Burg,  in  ZocAt'Astronomieal  cotrespcmdcDcey  !▼•  629.    (Himattniy  B«« 
•esidiefi  upon  tiie  Geography  of  the  New  Continent ;  jpasHm. 
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Attwrnmni-      Thdre  is  no  absolute  need  of  correspondinsr  observations^ 

cal  alma-  •     i      i  a.  o 

nacks.  The  astronomical  almanacks,  such  *  as  the  Connaissance 
des  Terns  of  the  French,  the  Nautical  Almanack  a(  the  En- 
glish, or  the  Calendrier  du  Navigaieur  of  the  Danes,  give 
the  results  of  the  calculations  of  eclipses  made  before-hand 
for  a  known  point. 

It  is  in  this  manner  that  M.  Lalande  has  determined  the 
longitude  of  CasJAn^  a  city  in  the  north  of  Persia,  from  the 
eclipse  of  the  moon  which  happened  oil  the  SOth  June, 
1787,  and  was  observed  at  that  place  by  the  astronomer 
Beauchamp.  The  end  of  the  eclipse,  or  the  total  emersion 
of  the  lunar  disk  from  the  shadow  of  the  earth,  having 
taken  place  at  CasUn  at  7  hours  46'  30",  true  time,  and  the 
calculation  giving  for  Paris,  4  hours  Sfr  38",  the  diflPerence, 
which  is  3  hours  8'  52",  is  equal  to  the  difference  of  the 
longitudes  of  Paris  and  CasUn.  If  we  convert  it  into  de- 
grees, allowing  15  for  "an  hour,  which  gives  15  minutes  of 
a  degree  for  a  minute  of  time,  and  15  seconds  of  a  degree 
for  a  second  of  time,  we  shall  have  for  3  hours,  8'  69"  in 
time,  an  arc  of  45^  18'.  This  is  the  longitude  of  Casbin 
relatively  to  the  meridian  of  Paris,  as  deduced  from  the 
above  observation.  But  eclipses  of  the  moon  present  this 
great  inconvenience,  that  the  instant  when  the  lunar  disk 
enters  into  the  true  shadow  of  the  earth,  the  instant  which 
marks  the  commencement  of  the  eclipse,  can  never  be  as- 
«gned  with  precision ;  we  cannot  therefore  be-certain  of  not 
erring  a  few  seconds  of  time  in  the  determination  of  the 
phases  of  an  eclipse  of  the  moon ;  for  this  reason,  the  use 
of  lunar  eclipses  for  determining  longitudes  is  now  generally 
abandoned, 
liongitudes  Cossini  was  the  first  who,  in  1668;  proposed  to  make 
Ktes^ofJ^""^  of  the  eclipses  of  the  satellites  of  Jupiter,  for  the  pur- 
piter.  pose  of  finding  longitudes.  The  theory  of  these  eclipses  is 
the  same  with  that  of  the  eclipses  of  the  moon ;  for  the  sa- 
telhtes  of  Jupiter,  when  placed  in  circumstances  similar  to 
those  which  produce  the  eclipses  of  the  mdon,  fall,  in  like 
manner,  into  the  shadow  of  their  primary  planet :  if  we  ob- 
serve at  the  same  time,  at  several  places,  their  immersions  and 
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emersionsi  we  may  make  the  same  use  of  tfiese,  for  thede-i 
termination  of  the  longitudes,  as  of  the  eclipses  of  the  moon. 
There  are  two  other  planets,  Saturn  and  Uranus,  which  are 
also  accompanied  by  satellites,  but  their  smallness,  and  their 
distance,  pennitting  them  to  be  seen  only  by  means  of 
powerful  telescopes,  render  the  observation  of  their  eclipses 
almost  impracticable,  or,  at  least,  of  little  use.  Even  the 
satellites  of  Jupiter  do  not  all  equally  well  answer  the  pur- 
poses of  the  observer ;  for  here,  as  in  the  eclipses  of  the 
moon,  the  precise  moment  of  immersion  and  of  emersion  is 
always  a  little  uncertain ;  particularly  in  the .  second  and 
third  satellites  y.  The  use  which  may,  nevertheless,  be 
made  of  these  satellites  of  Jupiter,  has  induced  astrono- 
mers to  frame  tables  for  predicting  their  immersions,  in  or- 
der that  corresponding  observations  may  not  be  neces^  • 
sary  ". 

The  ecUpses  of  the  sun  are  po  less  proper  than  those  of  Longitudet 
the  moon,  for  determining  longitudes :  it  is  sufficient  for  ^^  ^f  ^^ 
this  purpose  that  we  observe  at  each  of  the  places  of  which  »un. 
we  wish  to  know  the  difference  of  longitude,  the  commence* 
mentor  the  termination  ofone  and  the  same  eclipse;  but  the      - 
calculation  is  not  so  simple  as  in  the  case  of  a  lunar  eclipse. 
M.  de  Lalande,  by  great  care  and  attention,  has^  by  means 
of  solar  eclipses,  corrected  the  positions  of  a  great  number 
of  places.     The  calculation  becomes  more  difficult,  only 
because  the  relative  situation  of  the  sun  and  moon  is  not 
the  same  for  the  different  points  of  the  earth^s  surface  at 
which  these  two  bodies  are.  visible  at  the,  same  time.     The 
case  of  the  moon  is  the  same  as  that  of  the  clouds,  which, 
seen  from  a  particular  point,  appear  situated  under,  the 
sun,  and  project  their  shadow  over  a  limited  space,  beyond 
which  the  sun  shines  in  all  its  splendour.     This  spectacle 
varies  continually,  according  as,  from  one  instant  to  ano- 
ther, the  sun,  the  cloud,  and  the  spectator,  change  their 


y  Bouel,    Voyage  d*£ntieca8teaiu:,  iL  245.     Zach,  Afttion. 
i,i21. 

'  Table  of  the  S»teUitei  of  Jupiter,  by  M.  XMamWc. 
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nttuitidns.  To  tanploy  the  t>bidrvatkMi  of  a  flolar 
for  the  discoyerii^  of  lol^tudeB,  it  is  riecessary  to  de^- 
mine  several  aspects  of  it^  but  ^iarticukirly  the  beginmng  and 
liie  end  t  to  deduce  from  Iheoce  the  middle  o£  the  edJipae, 
and  to  obtaiii  from  the  astronotnical  tables  the  proper  data 
tor  fixing  the  eespective  positions  of  the  Jioes  described  by 
the  centre  of  the  isdn  apd  that  of  the  itebn  during  the 
edipsi^'  in  order  that  ^e  may  be  aUe  to  calculate  the  i^ 
itiant  \ehen  these  two  bodies  were  in  oonjunotioii.  If  we 
know  then  what  hour  at  a  given  place  correieponded  to  this 
same  instant,  the  d^dshoe  of  these  times  indicates  that  of 
die  longitudes. 

The  eclipses  of  the  sun  do  not  give  the  loogitudes  of 
jiaces  with  much  precision*;  that  of  the  5th  September, 
«    which  was  observed  with  the  greatest  care  by  three  astrono^ 
mers,  exemplifies  this  remark.  M.  de  Lalande  deduces  from 
it  the  longitude  of  Naples  47^'  3'  in  time  I'-^M,  de  Wta-fn, 
47'  40",  and  M.  TriesfMicker,  47'  20". 
liODgitii^      The  celestial  phenomenon  which  most  frequently  occurs, 
cultadon  of  is  that  which  is  called  an  occidtation,  or  the  passage  of  a 
^  <<«o-    etar  behind  the  disk  of  the  moon ;  it  is,  at  the  same  time^ 
one  of  those  which  may  be  observed  with  much  pcedsian  ^ 
It  is  necessary  to  determiae  by  observation  the  moment 
when  the  centre    of   the  moon  is  in  conjunction  with 
the  star ;  this  fixes  the  absolute  pontion  o£.  the  moon ; 
next,    either  by  means   of    the    calculations  made  be- 
fore  hand  in  the  astronomical  almanacks  which,  predict 
these  ^lenomena,  or  by  the  comparison  of  corresponding 
observations,  we  must  find  what  hour  it  was,  at  the  moment 
of  this  oonjuncticn),  at  a  place  whose  position  is  known. 
The  difference  of  ion^ude  is  then  obtained  as  in  tbeoth^^ 
methods  ^ 

g  Zach^  Cotarespond.  L  TS»  note. 

b  Rottelt  Voyage  d'Entrecasteanx,  iL  944. 

c  They  who  wish  to  become  thonnighly  aciqnaipted  with  this  subject,  muaft 
Ob— dt  ^IwlaawaoiM  of  gedtoetew,  among  othen  that  Upon  the  CahtMon  qf 
Ed^ftet^  iuljeet  to  FaraJOaxt^  by  3f .  Lagrange^  printed  in  German,  In  tbi 
EphcmeridMof  Berlin,  &f  ires,  but  hitt been  pii|b|idHli«fVe^  i&  ^ 
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It  is  evident  that  aU  these  uiethodd  ambunt  to  thi^  prd- 
position,  «  To  determine  Jbr  the  place  of  itlhick  the  Umgu 
tude  is  sdughij  the  poHUon  of  a  celesAdl  body  d/t  a  giveii 
moment,  cmd  to  deduce jfrom  this  position  what  hour  it  was 
at  the  same  instant  at  another  place  of  wlAch  the  sitwtti&H 
is  fcnoiwn  beforehand.^  Itence  it  foIIoVFS  that,  without  LoDgitadet 
waiting  ioT  a  celestial  phenomenon,  the  thange  al6kie  ^fjg^^^ 
angular  distance  between  two  heavenly  bodi^  whosto  motioh 
is  known,  should  be  sufficient  to  detehiikitie  our  place  tkpoh 
the  earth.  But  it  is  also  eyident  th&t  the  angular  di^iince 
must  change  by  the  motion  of  one  br  both  of  the  bodies 
with  such  rapidity  as  to  present  variations  very  consSdeiv 
able  in  the  space  of  24  hours.  The  moon  aldtae  affords  us 
these  advantages ;  as  its  motion  in  its  ol*bit  is  at  the  r^te  of 
nearly  19p  a  day,  a  change  of  a  sii^gle  minute  of  a  degree  ito  * 
its  position,  corresponds  to  a  little  less  than  2^  of  time,  or  80' 
of  a  degree  in  longitude.  Now,  by  help  bf  the  very  accu- 
rate instruments  which  we  now  poissess,  we  cian,  by  tdking 
the  angular  distance  of  the  mooh  from  a  star,  or  from  the 
sun,  ascertain  with  great  preddioh  the  position  of  that 
body,  and  consequently  can  determine  within  a  few  seconds 
what  hour  it  is,  under  a  given  meridian,  at  the  moment  of 
observation. 

This  method,  denominated  that  of  lunar  distances,  which  Origin  and 
was  first  suggested  in  1514  by  Werner  of  Niuremberg*,  and^^J^^^ 
developed  in  1524  by  Apian,  a  native  of  Saxony,  was  ap- 
proved of,  and  recommended  by  various  astronomers,  and 
among  odiers  by  the  celebrated  Kepler^;  but  the  imper- 
fection of  the  astronomical  tables  which  showed  the  mo- 
tions of  the  moon,  rendered  the  practice  of  it  uncertain. 
The  endeavours  of  Morin  to  bring  it  into  use.  Were  not 
successful.     Recommended  anew,  and  better  taught,  in 


Comiainamce  det  Terns  fat  1818*    M.  Ango  obaervei,  that  there  is  found  in 
it  the  gMMmd  woik  of  moit  put  of  the  analytia^  ci1<«l>tioiMi  that  h»ye  einot 
been  pnUiihed. 
^  WenuTf  nolaB  in  Ptolom.  Gei^  lib.  i. 
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1760,  by  Tobias  Mayer^  thismetiibd  wa?  employed  with 
much  success  by  the  celebrated  Danish  traveller  iV^iM&r^- 
it  has  since  been  brought  to  great  perfection  by  the  labours 
ot  Borda^Delambre^  Burgy  Maakelyne,  and  more  especially 
of  Laplace.     Ingenious  instruments,  constructed  with  the 
greatest  care,  tables  calculated  with  astonishing  accuracy, 
and  a  vmiety  of  formulas,  now  facilitate  this  operation? 
which  has  come  into  universal  use,  and,  at  sea,  has  justly 
superseded  all  the  other  methods. 
ITseofchro.     To  lunar  observations,  however,  is"  joined  the  use  of 
nometcB.    fi^meJceepfrs^  which  serve  in  the  intervals  during  which 
observations  of  the  distance  of  the  moon  from  the  sun,  or 
from  a  star,  cannot  be  obtained.     These  instruments  would 
alone  accomphsh  the  end  proposed,  if  it  were  possible  to 
construct  them  with  such  accuracy,  that  when  once  regula- 
ted to  the  time  under  a  given  meridian,  their  motion  would 
remain  exactly  the  same  during  the  whole  continuance  of 
the  voyage  ^ ;  for  they  would  then  at  all  times  point  oiit  the 
hour  under  the  8£ud  meridian.     Even  to  the  present  time 
the  efforts  of  Harrison,  of  Julien-le-Roi,  of  Berthout,  of 
Armand,  and  of  other  celebrated  artists,  have  not  succeed- 
ed  in  giving  to  chronometers  this  absolute  uniformitv  of 
motion ;  they  have  approached,  however,  so  near  Xo  thi? 
perfeetion,  that,  notwithstanding  the  perpetual  agitation  of 
the  vessel,  the  derangement  which  the  rate  of  these  clocks 
suffer,  is  insensible  even  during  a  long  voyage.     The  im- 
perfections to  which  these  instruments  are  still  liable,  are, 
besides,  remedied  by  observing  with  care  the   quantity 
which  they  gain  or  lose  in  a  given  time,  and  by  correcting 
their  rate  whep  we  arrive  at  a  place  of  which  the  longitude 
is  known. 

Such  are  the  principal  methods  with  which  astronomy 
furnishes  the  navigator  and  traveller,  for  determining  the 

longitude  and  latitude  of  the  places  which  they  visit.     We 

f  Zach^  AstroD.  Corresp.  iv.  246. 

«  Fleurieu^  Voyage  of  Mardiand,  jpatsim,     Dukour^eU  Tiaite  <le  Navin 
gation,  bookiii.ch.  10.    Ro9hI,\.  c.^ 
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have  unfolded  only  the  general  principles  upon  whieh.  these 
obserfations  are  founded ;  it  is  proper  that  we  now  take  a 
rapid  Tiew  of,  the  errors  to  which  these  methods  ate  sub- 
ject^ pmnting  out  at  the  same  time,  the  correcHaiH  to  be 
ajqplied  for  removing  them* 

The  errors  arising  fiom  optical  illusions  first  preset  Cbmedooir 
themselves  to  our  notice.  It  is  known  that  a  ray.of  light f^^*"^* 
is  refracted,  when  it  passes  from  a  rarer  into  a  dens^  me^SUk^Ktimt 
dium.  Hence  the  heavenly  bo^es  are  never  seen  in  the 
true  plaoe9  which  they  occupy,  the  rays  which  enter  the 
eye  mafcing  thdr  elevaition  above  the  horison  appear  greater 
than  the  truth,  by  a  quantity  that  increases  acfsording  as 
they,  ar^  nearer  to  the  horizon.  The  state  of  die  .atmo- 
sphere with  respect  to  density,  influences  this  phenomencm. 
It  is  necessary  to  det^mine  the  quantity  of  this  error  for 
each  d^^ree  of  altitude  above  the  horizon,  in  order  that  we 
may  subtract  it  from  the  observed  altitudes  which  are  al- 
ways greater  than  the  true,  except  in  the  case  of  the  body 
bang  in  the  zenith,  because  then  the  rays  of  light  travers- 
ing the  strata  of  the  atmosphere  perpendicularly,  suffer 
no  refractiooi« 

Different  physical  causes,  as  heat,  humidity,  the  density 
of  the  atmosphere,  make  refraction  vary  in  different  di- 
mates ;  the  laws  of  these  variations  are  yet  unknown,  and 
form  the  object  of  researches  of  importance  to  the  improve- 
ment of  astronomy  \ 

We  have  seen  above,  tbatyon  account  of  the  smallness  of  Panna±c«r 
the  diamfeter  of  the  earth,  compared  with  the  immense  di».^^*  ^ 
tanoe  of  the  fixed  stars,  the  observation  of  the  altitudes  of 
these  bodies^  may  always  be  referred  to  the  centre  of  the 
earth,  by  supposing  the  rays  of  light  to  fall  upon  all  the 
points  of  the  earth  in  directions  parallel  to  each  other,  and 
by  neglecting  consequently  the  angle  AIC,  Fig.  2 ;  but 
this  angle  becomes,  srasible  for  the  sun,  the  planets,  and 

^  A.  de  Humboldt,  Voyage,  parde  astnmomique,  i.  p.  109.  tqq.    Essai  vow 
ki  Refiadioitf .  Ttait^  d*Adtronomie  de  Biot,  &a  && 
VOL.  I.  » 
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MtnUitil  the  j^bMttin  tf  i^Mclk  dP  th^HSt^  Mjl^cftit  H9!iM^  ith  f^^A 
wtttttilfti  Wm  YUgdM.  16  fh^  f^iitte  idF  ttiifr  ^terai.  x  <^  ¥tA^ 
^ikt  *all  tMMKF^tidtiil  idV{M>ft  ^  iMnlj^lJBittbii^  wcMMboufk^h 
have  agreed  to  consider  the  trut)Mki  df  k  hl&v%ill)r  fjfMj^, 
tllM;  tt  4i>Hch  ft  WMla  tib  iteA  t^feire  ft  CilMteifVbll  IMWk  the 
ffduhre  ^f  Ae  etfttt*  Xih  VHk  6iher  UMd,  Vttf^  JtHiMXlniSitb 
^is»  ^^pff»dM  bifida  *ilt  k  hmr^fk)lfy,mLtpmit'6e\hk 

tMlMfflU^2<rtfietiiM&.    flii  ifflBK^i^boe  M  thfe  i«tMiR  ^ 

ulCI6  \,fM  MM^'Valit^tis  inu  TOjMWuy  aft  n^fe  if^  U|iiiM  xb& 

«b||K  :ft.IGv  Mfilir  WliiA  tll6  ifttiM  of  *tbfe  ttitsttlal  4M; 

Hlfil^i  J^Ais  )Uft  t#o  HMbliervIM)  iViMiId  ok  'netib  nVtei  tne  ^ctiti- 

Iwf.    tt  tfMuiits  mt  xhlB  Mil  %b  V.v,  fthd  ntt*  ^n^  Mobfe 

-i^g  ^^ra.¥h^  %6  xtiA  *b£  ^^nroadlf^y  #e  iiiiiti^t  and  ft  %o  wb 

fffe  Yif  ihi&^^Mrtil^. 

itetions  required  by  the  tables  which  are  u8cA*R)l'*Miktfti- 
^dt^  xh^  m)9^H^tifiMAi  of  %>tf^t6de.  Tbb  ^iJ^iUSai  1)ddies9 
4tt>t^^  *ii^iy  ^ob^  &Wk  %Mdh  Viffe  HMiiifQid!^^  'IM  ^y)%  tafi^ 
jSSt  i^Tnifelr  ihondns  to  'ttri^'elKcts  ^of  Titar  liitiVtial  ii{M^(r* 
^mBf  *fniicn  arexsnea  pwrtvroofwns,  iicnice  resoit  miniy 
small  motions  of  acceleration,  or  of  retUNlktidit,  dF  ^9Ht9i 
t!h6^{)Mi6d'is%dnlidtilUte'iilbti^  iSMti  a  ctifktW^,  knd  H9ie  d^ua- 
iMhs  mi  <fflffiMt  to'bb  iUfe^rCaan^  NMfli  'eiduiefifM^  Hib 
|Mgt^  ^*Ae  %i^^r  ^^dM^ff^,  •fil^  ^^dries  V!^d?  "fib 
nuM,  %iid'flieM(iu]»tidiiS'6f  DcfUteibfe,  afBW^,  lafd  ttf 
^^^'aiitMXothM,  haVe'r^iic5da  t6t][uiKntiei«B4finidkt4lii^- 
flIMe,^b*dJ^(!il^[tefai6l6b  ^(Ifi^i^eiVi^  Ify  Uletiiils '5f 'to AMJkftlcL 
41%  dl^^atiotls. 

Thfeft  Vas,  till  «df lafe^^afs,  taib<hfer'wttt<Je^'tttl«fertt^- 
tj,  namely,  the  imperfection  of  instruments,  which  often 
lMtni«      oiused  the  most  scrupulous  observers  to  errlialf  a  minute 
in  the  determination  of  an  observed  angle.    At  the  present 


iw^y  j»  ilifs  «oQstraplioii  of  iBflr^iiiie^tii,  but  th^  iiigeiUQU# 
iilil^«tbii  lof  the  T0peoimg  f^rd^  of  M^jier^  >FbMb  wiw  Bepeating 

servers^  by  taking  the  multiple  of  the  observe  Wf^^  0  in? 
atmm  U  pleaawre  Ibe  ligwr  vith  irhiob  its  awgnitucl^  is 
^tUufffw^i  Olid  to  fUnnAiih  liie  Doiaible  awmmp  almna*^^  iA  • 


^Dhe  iv»  lae tii<4i  0f  fiodiog  the  )i^ti|d«,  ^vvhiojb  we  ^i^ 
akofidy  poiAtfd  ottt,  i«t  Mt  mfficient  fior  tbf  piwrpoie  of 
iliirigitaQSt  who,  in  order  to  p^ci^Me  ibur  lqm^tu(k  hj 
hmir  xSfitaacet,  oequike  to  know  M  ihe  Mwae  ^t^nl;  ui^cleir 
^piiiit  Mtiide  tliey  «re  plftfsed.    Tlu0  iacoBveiuevfce  fa»9 
boot  iA  paovt  isanedifid  J^f  «obr  te2ife«»  x^ul^^  hsfar^ 
huoAy  and  ^whioh  ^Te  for  /eTeiy  day  pf  the  y«ar  jl;be  plgci9 
of  >the  foaok.    1\he  .principle  .ypon  v^ioh  the  ccmsti^Gtioa  off 
these  ;tabk8  isfDUftded^  eonu^ta  19  preseofdi^  finit  tjbe  iaew;i 
iniufiBDf  allAbeipwu^Md  cytoents  /calcuUted  fpr  the  be* 
giMdng  of  the  year»  mi4  ^ben  to  gxy^  4jbe  OAeniis  of  4e4u^ 
iag  for  Jtttiy  .other  iiiitant,  eMier  the  (tcne/or  the  «»e$P  .^9e9 
of  ithese  jefemeiits.    la  idl  theie  caleidatiaiiify  the  £irst  .^hinif 
to  be  known,  is  the  hmml  longitude  of  the  wn,  mid  of  hie 
peiigee^  or  4if  ;his  apogee,  fiir  Ae  laetfiiit  which  is  esftM^ned 
fiir  the  eooimencement.of  the  tables.     These  mtii|l  valu^ 
aae  catted  ifae  tfoehcftthe  Mironomkai  tabiei.    By  bel^ 
of  4hese  tables  thai,  we  can  fiadthe  posstion  of  the  aiw  in 
his<irbit  at  aay  .ui(rta»C,  and  may  obtain  the  latitude  of  acUeulstiotf 
place,  4MI  any  day,  by  subtgaoting  ifiroHi  the  altitude  of  ^^^^\^^ 
sun,  hiB4ietan<;)eiran  the  equator,  if  ^e  i^  ahoiKe  ihat  cur-alitude  of 
ele,  «r^y  adding  it,  if  lie.is  below,  and  then  taking  the^^"^^ 
oomj^maent  ofitbe  reeiilt  to  9Bp.  But,  in  oeder  to  multiply 
tba  means  of  determining  the  latkude,  aetsonomers,  having 
if«t<fixed4he  position  of  their  cdbservatocy,  hfive  calculated 
the  dietance  of  die  pritteipal  atars  .from  tzhe  e(|uaUir,  and 
llie4iiBe  which  elapses  .betwisen  their  respective  .pa$sagea 
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over  a  given  meridian,  and  that  of  the  point  of  the  ecliptic 
which  corresponds  to  the  spring  equinox.  The  results  of 
these  "calculations  have  been  arranged  in  tables,  by  the  aid 
of  which  the  stars  may  be  substituted  for  the  sun  in  deter- 
mining latitude. 

These  observations  require  that  the  position  of  the  meri- 
dian be  previously  knoijrn.  THe  pole-star  indicates  it  near- 
ly in  the  northern  hemisphere  of  the  earth ;  but  the  most 
universal  and  accurate  method  of  finding  it  is  afforded  by 
the  motion  of  the  sun.  Let  us  suppose  the  sun  to  be  in 
one  of  the  solstitial  points ;  in  which  point  it  remuns  for 
some  time  apparently  at  the  same  distance  from  the  equa- 
tor; and  appears  to  describes  circle  parallel  to  the  equator, 
whereof  the  part  d  ef^  Fig.  1.  which  lies  above  the  horizon, 
is  divided  by  the  meridian  into  two  equal  portions.  The 
altitude  of  the  suii  is  therefore  predsely  the  same  when  ob- 
served before  and  after  its  passage  over  the  meridian  at 
equal  intervals  of  time :  on  the  other  hand,  if  we  take  in 
the  morning  the  altitude  of  the  sun,  and  watch  the  moment 
in  the  afternoon  when  it  returns  to  this  same  altitude, .  the 
hour  of  its  passage  over  the  meridian  must  necessarily  lie 
in  the  middle  between  these  two  instants. 

The  length  of  shadows  furni^sh  the  most  simple  method 
of  determining  the  altitude  dt  the  sun.  It  is  easy  to  see 
that  this  length  depends  not  only  upon  the  height  of  the 
objects  by  which  the  shadows  are  projected,  but  also  upon 
that  of  the  sun,  relatively  to  the  plane  upon  which  the  ob- 
jects stand.  If  upon  this  horizontal  plane  we  raise  the 
vertical  line  AD,  Fig.  \%  the  solar  ray  being  directed  alcHig 
SD,  the  shadow  will  fall  upon  AC,  and  its  length  will  de- 
pend upon  the  angle  SCA, .  which  evidently  corresponds  to 
the  height  of  the  sun  above  the  horizon.  When  the  sun, 
after  having  passed  the  meridian,  returns  therefore  to  the 
tame  altitude  on  the  other  side,  and  in  the  direction  S'D, 
the  shadow  AB  and  the  vertical  line  KS^  will  be  again  of 
the  same  length  with  the  shadow  AC;  and  if  we  take  the 
middle  position  of  the  shadow  between  the  direction  of  the 
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ooe  and  of  the  other^  by  dividing  the  angle  BAG  into  two 
equal  parts,  by  the  strught  line  AN,  we  shall  find  the  meri- 
dian. If  the  length  of  the  staff  AC  is  now  measured,  and 
that  of  its  shadow,  we  shaU  be  able  to  find  the  altitude  of 
the  sun,  by  the  re^ution  of  the  rectilineal  triangle  GAD, 
which  is  rectangular  at  A,  and  in  which  the  sides  AD  and 
AC  are  known,  so  that  we  may  calculate  the  angle  ACD, 
which  is  the  altitude  sought.  The  meridian  altitude  wiU 
be  obtained,  if  we  measure  the  length  of  the  shadow  when 
itfalls  iq  the  direction  of  AN.  It  was  by  such  means  that 
the  first  astronomers  determined  the  altitudes  of  the  heaven^ 
ly  bodies.  This  rude  instrument  is  called  a  Gnomon ;  but  Gnomon, 
it  has  been  abandoned  since  the  instruments  which  measure 
angles  immediately  by  arcs  of  the  circle,  have  been  brought 
to  perfection.  These  last  are  employed  even  in  determin- 
ing the  meridian,  by  combining  them  with  pendulum  clocks, 
df  whic^  the  ipotion  is  .very  regular.  Having  observed  in 
the  morning  an  aldtude  of  the  sun,  we  mark  at  the  same 
time  the  hour,  then  we  watch  the  instant  in  the  afternoon 
when  the  sun  is  at  the  same  altitude,  and  taking  half  the 
interval,  we  find  the  time  which  has  elapsed  between  the 
passage  of  the  sun  over  ih^  meridian,  and  either  of  the  ob^ 
servationSk 

If,  for  example,,  the  clock  indicate  for  the  same  altitude, 
in  the  morning  8^  45'  SO'',  and  in  the  aflemoon  ^  23"  12" ; 
the  interval  between  these  two  instants  is  0^  37'  4@",  of 
which  the  half  is  3^  18^  51'',  and  this  added  to  the  time  of 
the  first  observation,  namely  8*"  45'  SO",  gives  12^  ^  21",  for 
the  hour  which  the  clock  must  have  indicated  at  the  instant 
when  the  sun  passed  the  meridian.  The  observation  of 
these  corresponding  aUUudes^  many  times  repeated,  serves 
to  regulate  the  clock,  and  to  ascertain  exactly  the  moment 
of  the  sun'^s  passage  over  the  meridian,  whence  the  direc-  ^ 
tion  of  the  meridian  line  may  be  immediately  de]i;ermined. 

The  observation  of  equal  altitudes  n^ay  be  employed  at 
every  other  season  of  the  year,  as  well  as  at  the  solstice,  by 
applying  to  the  result  a  small  correction  for  the  change 
which  the  sun'^s  declination  undergoes  in  the  interval  be* 
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tween  the  two  aldtodeiy  and  whidi  cAiubm  the  tetiftb  df  tbn 
intertal  to  vsry.  A  greit  itiiiiij  etrdiiiMtaMiai  ifiiuenee 
thii  kiitd  of  obflervatioHtf^  and  rendeH  ih^m  liiore  or  led^ 
subject  to  error,  particularly  irhen  tnade  Dii  diipboariL 
The  detalk  must  be  sought  for  fai  iroirks  which  ti^t  profed^ 
iedly  of  these  subjects  \ 

The  positidti  of  the  hearettly  bddibS  reliititely  %b  the 
ioeridian^  and  their  bearings  fibhi  the  noKh  and  sotttta^  a^d 
cwi  and  ^est  pdiiita  of  the  horifeOtt^  ifiastntii^h  as  the  foHn<»r 
serves  to  ascertain  the  tnie  he^ur,  and  the  hitter  ui  A±  ib^ 
true  north  and  bouUi  points,  contribute  to  fadlitate  w  ta 
terify,  the  operaiioiis  by  which  We  determine  thtf  position 
of  pkces  bpon  the  earth. 

Homy         The  horaty  angh  of  a  heavenly  body^  is  the  tnglie  irlii«5h 

^^  is  {bmled  at  the  pole^  at  the  insist  of  obs^vatkMi^  betweei^ 
the  meridian  of  the  place  of  the  observiif,  und  tlie  diicle  ti 
declination  or  hour  cirde,  passing  through  the  body^  This 
last  dr'cle  is  nothing  else  thin  the  ttleridiati  6f  the  body. 
The  horary  angle  is  measusred  by  fh^  are  of  the  e^tMtot 
which  has  passed,  or  Will  p^S,  uhdeir  the  nleridi^  ef  iht 
oftiserver,  between  the  instatit  of  obsenradoh^  and  the  in^- 
tisetil  irhcA  tli(^  heatenly  body  is  tikfkm  this  stoie  meridiiA. 

AsSmutb.  The  azimuth  of  a  body,  is  the  arc  of  the  horiinm  inter- 
cepted between  the  sbtlth  pointy  and  that  \ik  which  a  verti- 
cal circle  passing  through  the  ffeMth  and  the  body^  euts 
the  horii^on. 

Amplitude.  A^plifinde  iiff  tihe  ate  of  the  horizon  intercepted  Ibetween 
tiie  point  whei^  the  body  rises  or  Ms,  iind  iSie  true  east  or 
Wefit  pdnt.  The  farmer  Is  tsSlteA  etaierh  amplitude,  the 
latter  w»:m^  ann^litude.  The  horary  aiagte,  the  azimuth, 
ntid  the  ailnplittide,  contribtite  in  ^veral  ways  to  the  deter- 
ttdnation  df  lon^tudes  and  latitudes ;  the  fii^t  serves  t6  as- 
^  icc¥tain  die  true  hour,  by  only  one  obseTvatbn  of  the  alti- 

tiide  of  the  stin,  and  so  gives  the  \oiestt»  of  regulatuig  the 
chronometer " ;   the  other  two  n^dicate  to  the  navigator  how 

^  Leteque,  Gtthle  au  KstigkteUr.    DtdxMiigaety  1*11116  de  Kavi^tioa. 


much  the  magnetic  needle  deviates  from  the  true  north  and 
south  line ;  diey  teach  also  the  method  of  plaang  a  geo* 
graphical  map  due  east  and  west  °^.  Upon  these  relations 
of  the  heavenly  bodies  tp  thf  ipfrfdian  and  horizon,  are 
likewise  founded  various  subsidiary  methods  for  calculating 
bjr  ^i^^lWtpatjiM  ^  l«titU(l^  Wf  V  »Wb  *^  Se«°i  ^md  ap 
tlbfiiii  Methodni  ^ough  ingppio^y,  fg^  v^  «ui^wt  \^  efror, 
and  are  seldom  used  in  geograj^^jp,  |re  j^ifll  (iq^  jftop  to 
describe  them. 

^  all  tfaeaa  BMlhfMb  wUab  the  obseiwti^il  49i4f¥ll<:|il^D«ftfi%« 
tiw  of  th^  fialcfidal  mctiam  furqisby  fiw  d^lmmittng  gWr^  "^* 
gnq[iUGal  poiiiiaHs,  is  aaw  added  the  uia  irf*  fiigMli  ipi^aoe: 
by  gvopovder.    In  a  vevy  davi^ted  pkm^  4wing  a  ^^r»M 
■igfily  a  tpiam^  oE  pnvdar  ia  ffom  tive  to  tim^  iniQwwd 
iM  die  open  air  ( two  obsenwrs,  eac^i  fnovid^  mik  t  fl<iid(» 
and  siatioMd  at  the  placet  of  wfakb  the  4iflSiMficia  of  IfHUiRr 
tude  is  irgniairi,  mailt  with  ami  the  appetanxm  if  tt^fi? 
flinhet  aiiyi  HimearaiMft  vhieh*  notwithataiidiQir  the  difitan-* 
cesy  is  iastastaneous  at  the  4vo  plaoes,  i^  MWi^qfJm^  ff 
di«  prodi^ous  ivdodty  ef  lij^t.    The  ^iSbvfsim^  ^  the 
times  indicidsd  by  the  twoeloeksy  will  give  the  dilSBr90fi¥ 
efloiigitudeiipii^r^ 

Let  ui  oonolude  tUi  aketcfay  wfaii^  14  Qeoe^sovily  dl3F»  of 
the  Tivt,hiMla  by  vfaioh  lon^tu^es  and  l^ltjides  99§  d^tf^r 
mined,  wkh  observing  te  those  ft  om  ccpd^ns  Fbp  k^i^ 
ao  iaste  fi>r  auch  oifltaniy  thai;  the  exact  knowkrigp  Rf  po^r 
tieos  is  ihe  giouadrV^rk  of  all  gP^gini^  I  md  ^(  IFitbi' 
out  Ihb  kniMrlfldge,  the  nyoal;  sfdeodid  i§9cnftipn  WPi44 

>>  PniMUiC  Vf8il6  d«  6MM0,  p.  800,  m. 

9  Puuni^  fxeodesie,  ft,  299.  Zw;^.  /istnm.  Conmp*  M.  [^mqadier, 
PiVifeaBor  of  AttzoDomy  at  Copenhagen,  has  lately  brought  this  method  to  sm« 
golar  perfection.  In  the  ineii&iivemeBt  of  the  are  of  the  meridian,  and  of  tha 
pcgywiirriaf  lo  that  *^  v^  j»  fionwii$ted  to  hw  mpq^lUn^dme  tar»^ 
Kuig  of  Denmarky  he  has  made  use  only  of  a  Imrnnoos  signaL 
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BOOK  11. 

Continuation  of  the  Tluory  of  Geography, 
of  the  Globe  determined.    lU  oblate JIgttre.    Maekof 
the  new  metrical  Syetem. 

Modpki       Thb  active  cariosity  of  man  did  not  rest  canlcntad  with 
^having demonstrated  that  the  earth  is  a  moving  sphere; 


Ac  cutli.  hut  proceeded  to  ascertain  the  exact  dimcnaons  iif  the  pl»r 
net  wY&fAk  had  been  asagned  to  him  in  the  iiimimwtj  of 
space.  An  anc  of  the  eelestiid' meridian  being  measnzed^  it 
was  natural  to  conclude,  that  as  this  are  ought  to  cones* 
pond  to  a  similar  meridional  are  on  the  suifine  of  the 
earth,  it  would  be  necessary  only  to  measmfe  tins  latter 
curve,  in  order  to  find  die  dimensions  of  the  entire  cirde^ 
and  consequently  of  the  cireumfeienoe  of  the  globe. 
MoMiiet  We  have  already  seen  the  wide  difference  of  the  iqypi^ 
^^  *^  rent  results  of  the  different  measures  of  the  earth,  under- 
taken by  Eudoxus,  Archimedes,  Possidonius,  and  Erastoa^ 
thenes*;  we  have  pcnnted  out  the  method  of  reeondling 
those  measures,  by  referrmg  them  to  different  etadia  ;  but 
we  shall  not  at  present  eater  on  a  formal  discussion  of  the 
very  intricate  question  whether  those  <q)erations  have  been 
actually  executed  by  the  persons  to  whom  they  are  ascrib- 
ed, or  if  the  Greeks  have  merely  availed  themsdives  of  the 
science  of  a  more  ancient  people,  and  taken  credit  for  disr 
coveries  which  they  did  not  fully  comprehend.  In  our 
ofunion,  the  etadium  being  a  measure  of  local  and  real  dis- 
tance, and  not  merely  an  astronomical  modulus,  it  is  pro* 
bable  that  we  are  indebted  to  the  Egyptians  and  Babylon- 
ians for  the  computations  of  the  circumference  of  the  earth, 
in  stadia  of  1111  and  83S  to  a  degree,  whilst  the  results 
found  by  uring  stadia  of  700  to  a  degree,  and  other  hypo- 

*  The  author  here  lefen  to  the  HUtofy  of  Geography,  the  Part  first  pab- 
|uhed  in  French^  but  whkh  it  to  be  the  last  of  thii  translation. 
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ihesesi  may  be  very  veil  considered  as  the  work  of  £ra&- 
tostbenes,  Posadonius,  and  otber  Greek  astroncnn^s. 

It  was  observed,  in  the  foregoing  book,  that  Possidonius 
committed  an  error  in  taking  fer  an  arc  of  the  terrestrial 
meridian  tiiat  which  connected  Alexandria  and  Rhodes, 
ance  those  places,  which  were  the  points  of  comparison^ 
have  not  the  same  longitude.  If  we  except  this  error,  the 
method  of  Posadonius  was  the  true  one.  Erastosthenes 
made  use  of  a  gnoimmi  placed  vertically  in  the  centre  of  a  Gdodmni  of 
CGtocave  sjAere*;  he  knew  that  at  Sytm^  the  sun,  at  the^J^*******' 
time  of  Ae  solstice,  projected  no  shadow ;  he  remarked 
that  at  Alexandria,'  the  gnomon,  at  the  same  instant,  pro- 
jected its  shadow  over  the  fiftieth  part  of  a  circle ;  he  hence 

ooocluded  the  latitude  ^  Alexandria  to  be  T""  12"  north  of 

• 

Syetie;»  wbidi  must  have  been  situated  under  the  tropic. 
]^t.aooor£ng  to  the  modems,  the  latitude  of  Syene  is  S4^ 
9^  consequently  that  of  Alexaadhria  would  be  SI**  17\ 
wfaicfa  is  not  far  from  the  truth.  However  carefullv  this 
observation  was  made,  the  Greek  astronomer  could  not 
adopt  it  as  a  solid  basis  fcHr  the  measurement  of  the  earth, 
aa  ibe  two  points  which  he  compared  are  not  situated  under 
the  same  meridian. 

The  measures  of  a  degree,  attributed  to  the  Arabians, 
exhibit  in  like  manner  equivocal  results,  and  which  cannot 
be  recondled  with  the  truth  but  by  means  of  arbitrary 
computations. 

After  the  revival  of  letters,  the  European  astronomers 
made  many  fruitless  attempts  to  measure  accurately  a  de- 
gree of  the  meridian  ^     In  1617,  SnetliuSy  after  having  Mcmuks  of 
determined  the  celestial  arcs,  <Gomprised  between  Alkmaer,  ^""^ 
Leyden,  and  Bergen«^p-Zoom,  by  the  difference  of  the  alti-  &c.     • 
tudes  of  the  pole  in  those  three  places,  calculated.  tHe  ter- 
restrial meridional  distances  of  the  three  parallels,  by  means 

^  deomed.  Meteor.  I. 

*  Femd,  about  the  year  1530,  divined  with  wiffripnt  esactneaB,  by  a  veiy 
impcffect  mediod,  the  value  of  a  degree  between  Paris  and  Amiens,  which  he 
compttted  to  be  57070  toiflea.  This  wonderful  coincidence  has  not  yet  been 
explained. 
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of  a  smes  of  triai^ea  ^onmoted  togtlbfr,  ood  t^Q  tmf 
whereof  ww  actuaUj  ipewffed ;  be  thus  foiuid  tbM  tb| 
Talue  of  a  di^r^  of  th^  roeridiap  w^  ^081  Uma^  or 
88»6S9  English  fathoms^  of  m  fe^  ^aoh^  Wormioip  m 
Engliab  a$uoiiom«r»  in  )6ft6t  maaiuf^d.  with  ih§  utpu^M 
cave  a  dcjgree  of  tba  loendm  batwaon  Loadm  and  Yori(  { 
he  found  tbedcgrae  toba  til filQ  Uma9^  or  Q1,0T8  fitthoWi 
which  remit  is  a  vary  naar  appvwiimtiofi.  Bow^t^,  fifr 
ie^  years  aftarwardc^  ^tmoK,  fi  odabrntad  Iti4iw  iHttioiKV 
a>er,  pratendad  to  have  found  by  a  pa^^uraio^  <;a<md  <«l 
kk  the  eoviron«  irf*  Bologna,  that  a  d^«0  pf  tbf  mfiridiw 
wa»  6S»900  toiMi,  or  67,QS6  fathom;  but  tbia  fewU  if 
far  fifom  enctt  aa  thera  ia  an  «pai»  of  dmofit  6000  tw^ 
or  6391^  fathoms  abova  tha  xanl  ysiv^ 
It  was  by  »wlji»g  the  td^fpc^a  to  iostnwQPts  ^wA 
¥k»d*b  in  tba  taking  of  wgl«l»  that  JPHWrd,  of  tb«i49«idM»y  ipf 
Sdencea  of  Farii^  waaanaUad  toaanyonwith  tbaiiaoaiv 
«ary  praoimD,  the  new  maniiwp  of  a  d^ipraf  whiph  be  ocWr 
aviiced  in  IfiSSL  He  ^osa  &r  tba  ftbuatiap  ^  )m  Dpmw 
tioBs,  the  space  owtaiiiad  h^wtmAmrdrnv^Vkv^jw  wd 
Jlio^ppifia^,  on  the  borders  ^  CKlMM  MMJl  Simpwx^ 

In  order  to  ascertain  the  itinerary  dbtaaoa  which  sq^Hntef 

tbwe  two  poioti^  citiiat^  imdv  tho  ^vw  mcridiaPy  ha  eon- 
Beoted  diem  by  »  soriaa  of  Uiiwg)^^  Pig*  13;  be  observed 
aueoefiflivaly  all  tbmr  Mijbff  wl»i9h  AiTQwhad  bim£;>r^acb 
a  method  of  verification,  as  the  sum  of  the  angjas  4xf  ^#ry 
truui^^  iaconstaoUy  aqiial  to  1^0°,  Ua  SPWY^  ever  ob- 
tained thjg  «Mn  I  but  the  iaevilabla  ^frow  flyn^nii<<yl  only 

ioafewaeaonds. 

A  triao^  ia  indetennuMta,  if  m^  tba  mglqi  be  given^ 
and  wa  can  tiihlain  no  inofle  than  iJba  ratioof  Ifaa  sides  •  but 
one  Side  boi^  knovai,  tfie  ivist;  am  aayUy  found.  Ficard 
tfaaaefi:>]3emeasiiKdwitliaiineciaoii4itt  then  unkuftwn.  a  disT 
tance  of  5663  toises,  or  6035  fathoms,  on  the  road  of  Ville- 
jiiif,  at  Femey.  With  this  base,  represented  by  A6,  in  the 
triangle  ABC,  he  cabuiaied  the  side  AC ;  and  i^tb  thishe 

4  Picttd,  Mtton  dt  b  Tcne,  ISl. 
5 
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§0oM  ODi  ib  tb6  Uidligte  ACD"";  Md  time  he  piweeded 
finm  tfiAngle  to  tAgitigh^  as  fnif  as  Soufdon.  Here  agaiii 
was  measured  a  light  line  IftS,  as  a  has$  of  viri/tceOhm; 
Tht  line  LM^  IN,  I6|  verified  by  means  of  this  base,  gave 
only  a  diftrenoe  of  one  or  two  toises  finxia  the  first  measute. 
New  ttiai^ks  were  afterwards  carried  on^  aa  fas  as  the  Ca^ 
tfaedral  of  Amiens,  where  the  operation  ended. 

It  was  then  necessary  to  find  die  length  of  thd  line  which 
joins  those  points^  and  its  positicm  with  inspect  to  die  meri- 
difem  of  Poris^  in  order  to  ascertain  the  ^stance  in  the  di- 
lectioD  of  this  meridian ;  and  also  to  det^mine  aceutately 
die  amplitude  of  the  arc  measured  on  this  circle,  diat  is^ 
how  may  degrees  and  parti  of  a  degree  it  oontained,  in 
order  to  deduce  its  ratio  to  the  wfaoie  circumferenoei 

Iki  diis  scscond  part  of  his  operation,  which  depended  A»tioiioiiu. 
on  the  obatrwtioti  of  the  stars,  he  attadied  hunself  to  that^^^ 
which  ia  fdaoed  in  the  knee  of  the  constellation  of  Cas^ 
opea.  He  preferred  this  star,  because  not  bdng  far  distant 
fitim  the  aenith,  it  was  leas  affected  by  re&seticm,  which  in 
Us  time  was  attended  with  much  doubt  By  this  means 
he  found  that  ihe  di&renoe  of  latitude  between  Malvmnne 
and  Souidon,  near  Amkns,  was  V  IV  BV';  that  it  cor* 
responded  in  the  direction  of  the  meridian,- to  a  distance  of 
£8,480  toiaes,  or  6S,S72  fiithonus ;  and  fa^oce  he  oopduded 
the  length  of  d»e  degree  to  be  £7,064  toises,  or  60,816 
fathoms^ 

He  feutrd  also,  between  the  cathedral  <£  Ainnens  and  Mat 
▼oimne,  a  diffitrenoe  in  latitude  of  1^  iSl  &£'^,  and  a  distance 
of  78,850  toises,  or  6fi,034  fathoms,  which  gam  for  the  de- 
giee  57,0fi7  toises,  or  60,808  fathon^ ;  he  chose  the  mean 
of  both  these  ie8ult8^>^7^060  toises,  or  60,812  ftthoms. 

The  circumference  of  the  cMrth,  like  every  other  dfcle^  Dimemioiu 
is  divided  into 360  degrees ;  and  by  diTidiog«  degree  into ^^^  «*^^- 


^  Shoxt  .exftmple  of  the  calculation ;— In  the  first  triangles  at  was  found;  by 
observation  that  CABa54%  4/35'',  ABC«95%  6',  55",  ACB=3%48', 
30".  By  i^easurement  AB  was  found  to  contain  5663  toises ;  therefore  by 
the  rule  of  propoMiMi  we&^  ACnrlOjOl?  toisee,  ^  feet,  and  so  on. 
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iwentj  parts,  called  sea  leagues^  each  of  which  is  equal  to 
8864  toises,  or  3052  fathoms,  it  will  be  found  that  die  cir* 
cumference  contains  7SQ0  of  those  ieagu^.< 

Its  diameter,  deduced  from  the  circumference,  is  ^92 
sea  leagues,  and  its  radius,  or  a  right  line  drawn  from  the 
centre  to  the  surface  is  1140.  Multiplying  the  drcumfer. 
ence  by  the  diameter,  we  find  that  the  surface  contains 
16,50S,400  square  leagues. 
Ezperi-  The  accuracy  of  Picard'^s  operation,  seemed  to  remove 

Fimdulum.^^^  doubt  respecting  the  dimensions  of  the  e^th,  when  the 
important  experiments  made  by  M.  Richer  at  Cayenne  in 
1678,  shewed  that  the  figure  of  the  earth  was  not  perfectly 
spherical,  and  that  consequently  the  degrees  were  not«qualJ 
His  pendulum  clock,  regulated  at  Paris  by  the  mean  mo- 
tion of  the  sun,  after  being  transported  to  the  island  of 
Cayenne,  which  is  only  about  5  degrees  from  the  equator, 
was  found  to  lose  every  day  S  minutes,  S8  seconds.  The 
length  of  a  pendulum,  which  at  Cayenne  beat  seconds  ex-^ 
actly,  being  ioiarked  upon  an  iron  bar,  which  was  brought 
to  France,  it  was  observed  that  the  pendulum  of  Cayenne 
was  1|  line  shorter  than  that  of  Paris,  which  measured  8f. 
8|lin.  or,  more  exactly,  440,67  lines  %  or  39,156  English 
inches. 

This  experiment  proved  that  the  force  of  gravity  was 
less  at  Cayenne  than  at  Paris ;  for  when  the  pendulum 
which  regulates  the  clock,  deviates  by  its  motion  from  the 
vertical  position,  the  force  which  attracts  it  thither  is  gra- 
vity ;  and  the  interval  of  time  it  takes  to  return  to  that  si- 
tuation, is  so  much  shorter,  if  the  power  of  gravity  aug- 
ments, and  so  much  longer  if  it  diminishes..  The  index 
cannot  point  to  a  second,  till  after  the  pendulum  has  com- 
pleted an  oscillation,  or  after  one  fall  in  the  vertical.  Thus, 
if  during  a  revolution  of  thcstars^  the  index  does  not  mark 
a  sufiicient  number  of  seconds,  the  pendulum  employs  more 
time  to  regain  its  vertical  situation  and  gravity,  the  power 
which  impells  it,  is  diminished. 

f  A  line  Is  Uie  twelfth  put  of  a  French  inch* 
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This  experiment,  the  importance  of  whidi  was  foreseen 
by  the  Academy  of  Sciences  s,  perfectly  coincided  with  the 
reascHUOg  of  mathanaticians,  who  began  to  consider  the 
earth  as  depressed  towards  the  poles ;  and  the  cause  of  the 
aogm^Eitation  of  grayity,  or  the  attracting  force,  was  ex- 
plained by  the  depression  of  the  surface,  which  therefore 
approaches  nearer  to  the  centre. 

Huyghens,  a  Dutch  matheonatidan,  had  the  glory  of  Hnygbent't 
divining  that  truth,  even  before  the  experiment  of  the  pen-  ^^'^"7* 
dulum  was  known.  Conndering  that  bodies  which  revolve 
round  a  centre,  or  an  axis,  acquire  a  centrifiigal  Jbrce^ 
whidi  tends  constantly  to  make  them  fly  off  from  this  cen- 
tre or  axis,  as  we  observe  in  a  stone  whirled  about  in  a 
sling,  he  concluded,  that  the  fluid  diffused  over  a  consi- 
derable part  of  the  surface  of  the  earth,  could  not  assume 
a  form  perfectly  spherical,  as  it  must  be  affected  at  the 
same  time  by  the  force  of  gravity  impelling  it  towards 
the  centre.  He  supposed,  therefore,  that  the  earth  must 
be  depressed  towards  the  poles,  and  that  the  axis  of 
rotation  was  shorter  than  the  equatorial  diameters  by  ^4^, 
which  is  equal  to  about  four  sea  leagues.  This  eonse- 
quence,  deduced  from  the  centrifugal  force  by  Huyghens, 
may  be  made  sensible  to  the  eye,  by  turning  rapidly  a  wet 
bladder  round  an  axis,  which  then  assumes  the  form  of  a 
spheroid  flattened  towards  the  extremities,  omtiguous  to 
the  axis. 

The  immortal  Newton,  who,  by  profound  reflection  on  Newton*i 
the  laws  of  the  planetary  motions  ascertained  by  Kepler,  dis-  '^^°7* 
covered  the  principle  of  universal  gravitatioi^  no  longer 
considered  gravity  at  the  surface  of  the  earth  as  a  constant 
force,  everywhere  directed  towards  the  centre  of  our  globe, 
but  as  the  result  of  the  mutual  attractions  of  all  the  particles 
of  the  earth  to  each  odier ;  he  found  that  this  force  varied 
a  little  in  intensity  and  direction,  from  the  earth  not  being 
perfectly  spherical.  If  the  flgure  of  the  earth  depended 
upon  gravity,  gravity  would  r^ulate  itself  according  to  the 

%  Labncle,  Abi^^  d*  Amonanie,  art.  742  and  80S. 
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figiji«  iriudi  the •eftrtii  imd;  tluB  aeeelmitii^  f<i9io(^^to 

tetrestrial  bodim*  ougbt  to  be  jpgTfeoAicKisr  lo  ^  s^^tfyu^^ 

nadpnopDrtionalliD  thediataoee;  )^«irth  jbrn^ingM^^iB*- 

nmod  fibe  oblate  figure,  thiBfiguie  jloiie^»id^qpeQdeiltl]|r  <(^ 

the  eeatrtfbgal  lianoe,  tMight  to  sender  gmviikjr  URCftkepr  4iBd«r 

lha>e(|iiitor  Asm  uoder  the  poks.    Newton,  4^1«wl«lijag  41191 

this  principle,  and  suppomng  A^  oarth  hov^og^Qcim^  ^  eM 

kg  pmfesi  Ibunid^  for  tibe  qma^j  «rf  ]de|>qesm^  v^ .  or 

10  flen  b^ue^.. 

iiiTtst^.       Those  ^MoebMimis,  jtiffenvig  as  lo  tihe  .fwotiitj  ^  ^  ner 

M^i^rin,  ^^  ^^^!e*K^i^  w^A  neepeot  to  the  idtevnliiiNi  niddk  <the 

ciairaut.     %ttre  lof  ti»  earth  ^ought  te  ^uadeigo  in  conaequeooe  of  ttle 

fleatrifiigal  feroe,  have  lieen  devebped  bf  the  lacMt 


anifirafonnd  cakuiatiDns.  Of  these  iireeaii  only  herepcMit 
ont  Ahe  imuHbL  It  haa  been  idemonatrated,  Aat  Ae  tm^ 
Qcnldfiat  iheja  boafDogaacous  na^s,  but  that  its  ^deimty  cmg ht 
tta  iaonease  intdeaocaiding  to  ^  oenti£  i  and  ithatt  i»  aU  (me8» 
an  eUiptiad  figure  isalisfies  (he  lavs  of  tiie  i^uilihiKiiin  -of 
Ibiida. 

At^eaaaeiime,  tibe^theoiyof  ;tbeidiimroitinfi  itrf*  gmu 

idlintDwards  the'fi{|nalor,  was  xonfinned  bjr  agreat  mmr 

her  rof  tibsenrotums  joa  the  .psndufaiin,  Icom  L^and  jto  "the 

Cape  of  fiood  jH(^'^ ;  imd  from  dheir  gaaeisfiL  iagieemaiit 

itlus  iieen  concluded,  that  the  idepiofibn  .of  (the  gUba  ia 

equal^tD  jihe:83dnd«or:S86th  port  of  its  aao&L 

Inequality       The  theory  of  the  depression  of  the  earth  might  abo  he 

me'oa^  wrifiedi>y  jncasoFesitpikeii  OA  the  terrastiial  globe ;  for  it 

obiaie        feaaltsifriom  thistdwory,  ithat  the  degrees  .of  latitadeioacb- 

^^^^'       usAiae  ecpiai.  rthaongbout  ^ Ae  ^idiole  exibatt  of  fthe  meodaan. 


b  Kewton  Pnndpia,  b.  in.  prop.  19. 

^  dflnnit,  Tbeoric  de  k  :l!%iiie  de  la  Tenre.  Madsmia,  Meanir  ^bb 
theiTlox «id iUjObui oftbe Ssa.    D*Alcin}>eKt, .KadnwbeiiAirifeSysitew An 

k  Ih]b<nq:guct,  Trait6  ^e  KaTig^tionj  note  L  |Migej290,  2911.  IJistoife  de 
l*Acad.  des  Sdencei,  pygMwi. 

}'  Laplace,  S  ystdme  da  Moilde,  p.  950.  Sranl^xg,  EjpflBkkm  de  U,  Miatit 
d*un  Degre. 


/ 
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Mt  Aat  %1]^  ^M^  to  !te«ttgtt^ted|  in  the  ftAttei»d  part 
isT  the  1Bi8id3nAl>  ^nt  i%^  %tAMttds  tli^  pdle^  ud  dinaiished 
ftl  d»  tollt^  })iM  dp*  th^  llatt^  iiMticNian,  <v  near  tbe  equa*. 
«HI^.  i^bee  Wt^setfMatiie^  'whidi  IhMr  frem  the  finidAiDe». 
lift  ^otkMM^f '^(ifiMlMl'y  ^itoMMtl^i  ^iWieiie  lu/wii*ttfr  fiir  aome 

^iifd  d^ikli^^Qle.    It  UMy  ttbt  thcM^e  Ibis  iiii^n^w 
%  fittte  t>tL  xho  AfeikibMtftttfoli* 

A  dejg^f^  bf  tile  lii«tUKftli  iSi  thlftfiMiOA  A«>Sig.  14^  «f 
that  curve,  whMtlOie  m8n  €A,  O*,  ^liifih  ittteK^that  fttt 
MT  Ite  hM^  fiMtt  Ml  im^e  A€»,  ^equttl  to  the  -SeOth  of  the 
iS^Hi.  Sd  Mil«eqtielK^^  «hte  Aefi^ktti^  4t  U  mif  to  pnu 
t^i^tbMliVft  MKI  CA,  C^'l^rpettdiocteliii  tbetangeoiii 
^r«ttie^  ift^th&'ittdie  diHiiMfr  ki  thi^  tiirv«  *<)%  ^vhm  this 
4Mn«is«it$»dte;  tbilt  to  Iflfe  Mttiie  4a?c  tivill  4:0ei!es^iid  itte 
wme  M^/lt&a thldt  16 ttiift flttMe  Hie  <degreiBli  tfavougfaMit 
4lfe  Wh«lfe  *eiMtit  '^f  ^bhe^itt^^  ^riil  he^f  the«daae  teigth« 
Btft  iMd^tole^^dt  "iq^^y  to>aiu^i/<e»  <#lio6e  cmnrtOnae  is  not 
W8RMtti.  i!(i  €be  <dlip^»  fer^stum^e^  if  ^«9«  taketwo  anet 
of  the  same  length,  as  Mm,  and  Nii,  Fig.  15,  one  in  ihe 
-MM  ^Mismt  ^aM)  Ntttul  Ae  ««li€ir  ift  the;flattMtynt^the 
4^^4teipdi*pMitt«tot  Ife,  iiM^  diiiwn  to  tiK  KliKnilties 
^Ae^fbhMif  liRs  ihtl  timt  usimr  in  diis  ttc,  dm  Ihc 
y^lrfi^iidkMdflrs  NC,  M  4intWB  to  di^  ^ntrsndtios  of  i1m 
Mtet  la^.  ^he  wangle  I4»n  is  liitite&xe  rnssUfistm  ftan  the 
vngfe  MSm,  -ted  oaiifteq[a&ii%:tftke  latter  lie  eqwd  totone 
^isgi«&,  ^  arb^Nvi,  <Bqaal  Inteigdi  to'Mn^tdoesnotKxirw 
•M^K^a  to^idegiree.  Tt>  obtain  ^flik4iiigift  inthecpartMP 
«f '^e^sig^si,  k  isneeiSMtfy  tolaiieitim^ipaeeigreateridMA 
fftm.  Th(»teto«  thfe  t«n«st)ml  4j&gimB  unust  be  jgvecter  ^ 
4m  <aft  fi^t'df  fife  gldb^,  if  ^ne'^MOHld^havethrai  onreipwd 
to^thfe^eekltlM'di^^Mes  whii^h  tt»B  ail  «qiail,  AMDt  bdui^iredl 
«Hs^  %ul  4tify  ^tigttkr  ^Asmi«0i^ 

Wb  may  ^i^  i^easmi  a  die  KiRowhyg  nufiBier  t^^Tlie 
pdnt  where  two  verticals  meet,  isMEhie't^ntre^f  thetttrres- 
trial  arc  contained  between  them ;  if  this  arc  were  a  right 
hue,  the  "tefliti&ls  "liquid  ^be^furaDe],  '<sr  woiddmeet  onlj 
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at  an  infinite  distance;  The  greater  the  cunratore  of  ^tbe 
arc,  the  more  the  verticals  converge,  therefore  they  meet 
at  a  less  distance.  Thus  the  part  of  an  ellipse  near  its 
great  arc  bdng  the  mostcnrved,  the  verticals  which  .are 
perpendicular  to  it,  will  meet  at  a  smalls  distance;  The 
radius  of  the  arc  intercepted  between  them  will  be  shorter^ 
and  consequently,  the  absolute  length  of  the  arc  itself  will 
be  less.  On  the  contrary,  near  the  small  arc,  the  vertical^ 
meet  at  a  greater  distance;  showing  that  the  radius  of  the 
intertepted  arc,  and  the  arc  itself,  are  longer.' 
Paniogism  By  not  tracing  those  notions  to  their  ^urce,  the  contrary 
o^thii  sub-  ^^^  concluded  at  the  commencement  of  the  last  c^tury,  be- 
cause it  was  supposed  that  the  degrees  were  determh^edby 
the  angles  M  oiw,  N  om,  formed  by  the  lines  drawn  to  the 
eentxe  of  the  ellijpse  EPQjp ;  but  this  hypothesis  was.  npt 
conformable  to  the'  principles  of  the  operation,  for  the  lines 
DM  and  O  tw^  ON.  and  O  «,  not  being  perpendicular  to  the 
curve,  differ  entirely,  both  in  magnitude  and  direction,  firatm 

the  verticals  to  which  iEire  referred  the  points  of  the  celestial 

•  •    • 

arc  f  •         • 

The  measures  of  Cas^ni  having  seemed  at  first  to  indi^ 
cate  a  diminution  of  the  degrees  from  south  to  north,  seve^. 
ral  learned  Frenchmen  maintained,  by  means  of  the  para^ 
logism  above  cited,  that  this  diminution  was  a  proof  of  the 
depression  at  the  poles ;  the  mathematicians  demonstrated 
that  it  was  rather  a  proof  of  the  ccmtmry.  The  error 
of  the  principle  was  at  length  discovered,  and  it  has 
not  been  ance  revived  but  by  entire  strangers  to  geor 
nietry  "".  But  Cassini  and  D'Anville,  in  deducing  from 
the  pretended  diminution  of  the  degrees  towards,  the 
north,  the  natural  conclusion,  affirmed  that  the^^arth  swellr 
ed  out  in  its  polar  direction ;  or,  in  other  words,,  thi^t  the 
terrestrial  ellipsoid  performed  its  revolution  round  its  ma- 
jor  axis ;  which  was  contrary  to  the  theory  of  gravity  and 
4he  equilibrium  of  fluids. 

>A  Bemudio  de  St  Pifne,  Etudes  de  U  NatittO|  && ,  .  r   ( 
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In  Prance,  the  notion  prevailed  for  forty  years,  that  theMeasuie- 
earth  is  a  spheroid  protracted  towards  the  poles".     At^**^' 
length,  the  Academy  of  Sciences  resolved  to  ascertain  the  lApland 
truth  of  the  theoretical  conclusions  on  the  subject,  and  "*^  ^*™' 
selected  from  their  own  body  two  companies  of  mathe* 
maticians,  who  were  dispatched,  the  one  in  1736  to  Pe- 
ru, and  the  other  in  1737  to  the  polar  circle,  to  measure  a 
degree  of  the  meridian  in  the  regions  bordering  on  the  equa- 
tor and  the  pole.  The  results  obtained  by  these  companies, 
compared  with  each  other,  and  with  the  degree  measured  in 
France  by  Picard,  though  they  did  not  entirely  agree  with 
respect  to  the  quantity  of  the  depression  of  the  earth  at  the 
poles,  yet  they  completely  dissipated  all  doubts  of  the  fact  o. 
The  degree  measured  at  the  polar  circle  exceeded  that  of 
the  equator  by  669  toises,  or  703  fathoms ;  and  the  French 
degree,  though  smaller  than  that  of  the  polar  circle,  still 
surpassed  that  of  the  equator  by  307  toises,  or  327  fathoms, 

The  Cassinis  themselves,  after  having  verified  their  mear, 
sures,  had  the  candour  to  avow  that  they  had  fallen  into 
some  slight  errors,  and  that  the  degrees  measured  by  them 
in  France  concurred  to  prove  the  depression  of  the  globe 
towards  the  poles  ^ 

It  was  not  enough  that  the  science  of  mathematicians  Different 
had  described,  in  a  general  way,  the  figure  of  our  globe,  ^^^  """* 
they  further  endeavoured  to  discover  the  exact  quantity 
of  that  depression,  the  existence  of  which  had  been  proved 
by  so  many  experiments.  But,  in  this  investigation,  thjB 
accumulation  of  the  materials  only  increased  the  difficulty 
of  the  question.  The  degrees  successively  measured  in  differ- 
ent parts  of  the  world  gave  very  different  quantities  for  the 
depression.  This  was  demonstrated  with  great  perspicuity 
by  an  Italian  mathematician,  by  comparing  the  twelve  best 
measures  known  for  half  a  century  back  \     We  shall  first 


"  fiossut.  Hist  des  MatheiQatique9«  p.  ^73. 

°  Bouguer,  Figure  de  la  Tene,     Maupertuis,  £lemens  de  Gee^raphie,  &c. 
^  Cassini  et  de  Thury,  Meridienne  de  rObservatoire  royale  Terifi^,  1744. 
<t  Patdi  Fiid,  Cosmographia,  torn.  IL    Chap,  de  Figuia  Planet  comp.  id« 
opera  omnia,  t  ui'  p.  123,  599. 

VOli.  1.  £ 


suref. 
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give  the  results  of  those  njeasures,  with  the  names  of  the 
astronomers  to  whom  we  are  indebted  for  them : 


Names  of  the 
Gottntriei. 


Utitode 
whence  the 
meaiurement 
commencecL 

0*  0« 


Pera 

Gape  of  Good  Hope  S3  18 


PeonsflTaiua 
Ecclesiastical  State 
Fiance 
Piedmont 
France 
Hungary 
Austria         i 
France  • 

HoUand        •        « 
Ijapland 


39  18 
43    1 

43  31 

44  44 
.      45  45 

45  57 
i            48  43 

49  23 
,    52    4 
.      66  80 
jybit*  One  toise  is 


Value  of  the  (le< 
gree  meaaured. 

56,753  tois. 
57,107 
56,888 
56,979 
57,648 
57,137 
57,050 
56,881 
57,086 
57,074 
57,145 
57,4p5 
equal  to  1.Q6575 


Names  of  the 
Obierven. 

Bouguer,  La  Condamine,  &c. 
Lacaille. 

Mason  and  Dixon. 
Bosoovicb  and  Maire. 
Cassini  and  Lacaille. 
Beocaria. 

Cassini  and  Lacaille. 
Liesganig. 
Idem. 

Picard  and  CassiuL 
De  Thury  and  G.  Cassini. 
Maupertois,  &c. 
Soglisb  £ithoms. 


Frisi  endeavoured  to  calculate  a  regular  c^rve  according 
to  Newton's  theory,  which  might  correspond  to  thpse  twelve 
degrees,  but  he  found  them  either  too  great  or  ^po  sm^Jl;  the 
errors  which  should  be  supposed  i^  the  measurement  ifl  prder 
to  reduce  them  to  a  regular  ellipse,  whose  mino;r  axis  would 
be  to  the  major  in  the  ratio  of  230  to  281,  amoui^ted  tP 
more  than  100  toises,  or  106^  fathoms  thp  ^egree,  and 
for  the  degree  of  Hungary  to  more  than  5jp6  toise?,  or 
SIS  fathoms. 
These  mea-  Frisi  also  endeavoured  to  find,  by  binary  and  deci- 
mal combinations,  a  mean  term  between  the  different  de- 
pressions pointed  out  by  the  measures ;  but  as  a  severe 
criticism  of  the  accuracy  of  each  measure  did  not  pre- 
cede his  combinations,  we  3hall  not  here  cite  any  of  the  re- 
sults ;  we  shall  only  observe  that,  by  choosing,  among  his 
binary  combinations,  the  six  in  which  we  can  have  confi- 
dence, we  find  for  the  mean  term  a  depressipn  almost  iden- 
tical with  that  furnished  by  the  observations  of  the  pendu- 
lum and  the  late  French  measures.  Here  is  the  comparison  : 
The  difference  of  the  axes,  or  the  absolute  value  of  the 
depression,  being  taken  for  unity,  the  first  degree  combined 
with  the  third,  gives  for  the  major  axis  of  the  earth  505  si. 


iures  com 


iniliir  parts  ;  withtbe&urth^SSS;  with  the  sevrath,  99S,3; 
nith  the  Bioth,  290,4 ;  with  the  tenth,  307,4 ;  and  with 
the  eleveDth,.  370.  Therefore  the  »eaa  term  of  the  de- 
presaon  is  equal  to  7^. 

The  acknowledged  imposalHliity  of  finding  one  regular  Enon^iiL 
curve  which  would  correspond  with  the  difPerent  degpeea****^  ■*" 
measured,  produced  different  opinions  among  philosophers. 
The  operation  of  M.  Maupertuis  ia  LapUnd  was  first  coBh 
dfsined  as  uncertain,  either  on  account  of  the  negligence  with, 
vluch  it  waa  conducted,  or  because  the  arc  measured  was> 
not  c£  si^kient  extent,  or,,  lastly,  on  account  of  the  doubta 
which  this  mathematiciaa  bimsell  had  enterUnned  with  re- 
elect to  the  result  of  bis  measurement '.  The  same  judgment 
should  be  passed  on  the  measure  of  Father  Liesgimig» 
executed  with  very  inaccurate  instruments^  and  whereia  it^ 
is  now  demonstrated  ^  that  tbeife  is*  a  confusioni  of  two  stai^ 
nine  degrees  distant  from  each  other,  and  other  oonst^pt. 
arors  firom  10  to  12  seconds,  which  correspond)  to.  150 
Unses,  or  160  fathoms;  consequently  tliis  measuremenlii 
does  not  deserve  to  be  taken  into  consideration.  Not  be* 
ing  aware  of  this  errcHr  in  the  operation  of  Liesganig,  soitm 
very  excellent  mathematicians  havQ  given  themselvea  tb^  ' 
useless  trouble  of  attempting  to  reconcile  the  ii^gulanty  of 
the  degrees  of  Austria  and  Hungary  with  the  gener^ 
theory  ^ 

The  measures  which  might  be  safely  relied  on,,  took  in, 
but  a  small  portion  of  the.  ^obei  Nei|h^  Frisi  nop  t|i^ 
other  phi]ps<^hers  who  have  written:  on  this  subj^%  weq^ 
acquainted  with  the  degree  me^uc^d  in  the  yeai;  ITO^.iiit 
CUna,  in  ihe  40th  degr^  q(  l^tudi^,  by  the  Jesuil, 
ThcHnas,  the  v^ue  of  winch,  dcg^^  wa^.  found  tp.  be 
56,987.809  toises,  .or  ^7S5i  ft^m^  of  si[K^  feet  ea<^; 
which,  by  supposing  a  depression  of  yj^,  would  differ  on- 


'  He  makes  die  degiee  in  huf%siure  of-tbe^SMtli,  5i7)40&,  and  in  die  Kle* 

*  ZmAu  Astion.  Correspond,  viii  507.  et  $tq. 

t  Dnbouiguet,  Tzaite  de  NaTig.  p.  283,  30S,  &e. 
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ly  23,988  toises,  or  26  fathoms,  in  excess  from  the  value 
presumed.     But  this  measurement  being  susceptible  of  se- 
veral interpretations,  there  can  be  no  great  harm  in  ne- 
glecting it". 
Errors  Some  persons  have  been  tempted  to  doubt  of  the  possi- 

^"^.^y  bility  of  measuring  a  degree  of  the  meridian  with  perfect 
accuracy.  The  errors  inseparable  from  the  nature  of  the  in- 
struments then  employed,  might  amount  to  3  or  4  se- 
conds for  the  celestial  arc,  or  60  toises  for  the  terrestrial 
degree  \  The  attraction  of  mountains,  which  deranged 
the  plumb  line  by  which  the  vertical  is  determined,  excite 
ed  the  most  restless  doubts.  This  effect  of  gravitation,  a 
striking  proof  of  Newton's  general  theory,  might  affect 
measurements  in  other  respects  executed  with  the  greatest 
care,  since  a  deviation  of  the  vertical  line,  of  15  seconds 
only,  at  both  extremities  of  the  arc  measured,  would  cause 
an  error  of  500  toises,  o^  533  fathoms,  which  quantity  is 
greater  than  the  presumed  difference  of  the  two  extreme 
degrees  under  the  equator  and.  the  pole.  But  Newton  had 
estimated  this  attraction  at  two  minutes,  for  a  mountain 
three  English  miles  in  height  and  six  broad.  This  es^ 
timate,  it  is  true,  has  appeared  excessive.  By  the  ob- 
servations which  Bouguer  and  La  Condamine  careful- 
ly made  in  1737,  in  Peru,  near  the  mountain  of  Chim, 
borazo,  the  plumb-line  deviated  7/^  seconds  in  conse- 
quence of  the  attractive  force  of  that  mountain,  which, 
according  to  Newton's  theory,  should  have  produced  an 
effect  13  times  greater ;  but  the  nature  of  the  volcanic  rocks 
of  that  mountain  renders  the  experiment  dubious"^.  Similar 
effects  have  been  observed  in  the  Pyrenees,  the  Alps,  the 
Appennine  mountains,  and  in  Scotland,  where  Maske- 
lyne  repeated  those  (Observations  with  the  utmost  precision, 

«  Hallerstcin,  Obser.  Astr.  Pekini  Sinanim  factae,  p.  366.  Vindobi  1768. 
Comp.  Zach.  Ast  Corresp.  L  248,  251,  589,  594. 

^  D'Alembert,  Encyclopedic,  Fiff.  de  la  Terre,  Bouguer,  Fig.  de  la  Tcrre, 
Sect  1.  §  4.  &c. 

W  Bouguer,  Fig.  de  la  Terrt. 
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and  obtained  a  result  which  approaches  nearer  to  Newton's 
theory*.  It  is  very  possible  that  this  attraction  may  have 
affected  the  measures  taken  by  Lacaille,  since  that  ' 
astronomer  performed  no  expex'iment  to  determine  the  ef- 
fect of  the  mountains  of  the  southerii  part  of  Africa,  on 
the  plumb-line  of  the  instrument  which  he  made  use  of. 

At  length,  a  simple  and  decisive  idea  pre^nted  itself  to  Opinion 
the  mind  of  some  superior  geniuses,  who  were  fatigUed  with  theirregu- 
the  interminable  dispute  of  the  eiarth's  depression.     It  was  ^*"'y  °^  ^*^® 

_-  ,  *■  .,,  meridians. 

supposed  that  the  curvature  of  the  terrestrial  spheraid 
might  be  subject  to  some  slight  irregularities.  Why 
should  nature,  which  is  not  fond  of  geometrical  figures,  have 
made  the  earth  a  perfect  and  regular  ellipsoid  ?  Buffbn 
was  one  of  the  first  who  proposed  this  opinion^;  Cohda- 
mine  seems  to  have  favoured  it* ;  and  Maupertuis,  who  at 
first  had  loudly  reje(ited  it^  at  last  only  doubted  of  it*  :  La- 
caille, whose  measures  did  not  agree  with  any  other,  na- 
turally inclined  to  ah  explication  which  justified  his  opera- 
tions. However,  natural  philosophers  in  general  still  ob- 
jected to  this  opinion,  which  was  feebly  supported  by  those 
who  had  advanced  it. 

A  more  serious  attempt  to  maintain  the  regular  ellipsoid,^;  ^'i' 
was  made  by  M.  Kliigel,  a  German  mathematician.  To  de- thesis, 
monstrate  that  all  the  degrees  accurately  measured,  even 
that  of  Lacaille,  might  be  applied  to  a  regular  ellipse,  he 
supposed  a  small  difference  existed  between  the  minor  pri- 
mitiv^  axis  of  the  terrestrial  ellipsoid^  Pp  Fig.  i6^  and  the 
actual  aoois  of  rotation  n  cr;  whence  would  result  for  ex- 
ample, that  the  Cape  of  Good  Hope,  might  have  been  ori- 
ginally nearer  to  the  south  pole,  or,  more  accurately  speak- 
ing, that  the  southern  extremity  of  the  axis  of  rotation 
has  changed  its  position  with  respect  to  the  equator  Eq. 
Therefore  the  southern  degree  a  ft,  although  more  distant 
firom  the  pole  of  rotation  ^  than  the  northern  degree  from 

X  Philosophical  Transactions,  1 775,  p,  500. 

y  Nat.  Hist.  torn.  i.  p.  165. 

«  Rapport  stir  Ics  Mfesures  du  P^rou,  p.  !?62.  t 

«  Lettres  Physiques. 
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the  pole  n,  might  nevertheless  be  in  the  same  sitoation 
with  respect  to  the  true  minor  axis  of  the  ellipsoid  Pjp; 
and  would  consequently  have  the  same  absolute  value,  not- 
withstanding the  d^rence  of  latitude^.  It  is  obvious  what 
revolutions  would  take  place  on  the  earth,  if  this  hypothe- 
sis had  any  foundation.  It  is  evident  that  the  major  axis  of 
the  globe  would  no  more  omcide  with  the  plane  of  the  equa- 
tor; and  is  it  possible,  according  to  the  laws  of  hydrostatics, 
that  the  terrestrial  ellipsoid  could  perform  its  revolution 
round  any  other  axis  than  its  real  minor  axis  ?  But,  what- 
ever objections  may  be  made  to  M.  Kliigel,  his  hypothesis 
appears  so  ingenious,  and  would  be  so  fruitful  in  interest- 
ing  results  for  physical  geography,  that  we  thought  proper 
to  give  an  idea  of  it  here. 

Such  were  the  doubts  of  astronomers  and  mathemati- 
cians respecting  the  figure  of  the  earth,  when  a  political 
project  afforded  an  opportunity  for  undertaking  a  new 
measure  of  the  arc  of  the  meridian,  which,  passing  through 
Measuie-  the  Capital,  traverses  France.  The  National  Convention 
?actldby*  ordered  that  a  imiform  and  permanent  system  of  weights 
Deiambre,  and  measures  should  be  established.  The  philosophers  pro* 
Biot,  &C.*  posed  to  found  the  basis  of  this  system  upon  nature,  and 
to  take  CLS  the  primitive  unity  of  measure,  or  metre,  the  ten 
milliouth  part  qfa^piodrant  qf'the  terrestrial  meridian,  that 
is,  the  space  between  the  equator  and  the  pole.  It  was  said 
that  a  metrology  founded  on  such  a  basis  would  belong  to 
every  age  and  nation.  But  how  were  they  to  find  pre- 
cisely the  length  of  the  fourth  part  of  the  meridian  ?  They 
could  not  deduce  it  from  the  ancient  measures,  for  these 
contradicted  each  other ;  k  was  therefore  determined  that 
the  new  metrologioal  system  diould  be  rendered  more 
authentic  by  founding  upon  new  operations,  conducted  with 
a  precision  till  then  unknown,  and  directed  by  the  most  able 
astronomers.  Delambre  and  Mechain  were  appointed  to. 
measure  the  arc  of  the  meridian  intercepted  between  the 

b  .Krugel,  Dimensions  de  la  Terre,  &&  in  the  Astronomical  CoUections  of 
Berlin,  iu.  16i,  169. 
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parallels  of  Barcelona  and  Dunkirk.  These  two  celebrated 
geometricians  measured  the  angles  of  90  triangles  with 
the  new  repeating  circles  which  Bordit  had  constructed ; 
they  observed  with  these  instruments,  B  latittidesf  at  Dun- 
kirk, Paris,  Evau^t,  Carcassonne,  and  Barcelona.  The 
two  bases  near  Meluh  arid  Perpignaifa  ivete  measured  with 
platina  and  copper  rules,  and  ^eie  fourid  to  agree,  to  a  few 
inches,  with  the  mieasures  Calculated.  Mintite  attentidn 
prevented  or  Rectified  the  smallest  errbrs.  The  most  emi- 
nent of  the  French  matfieindticians,  together  with  a  num- 
ber of  others  sent  from  diflferent  countries,  verified  and 
sanctioned  all  the  calculaitions.  No  farther  doubt,  therefore, 
can  be  entertained  respecting  the  results  of  this  vast  enter- 
prise, which  commenced  in  179^,  and  terminated,  as  to  the 
measurement,  in  1798. 

It  has  been  proved,  that  ttie  degrees  of  the  meridi- Besulti^ 
an  diminish  towards  the  south,  and  increase  towards  the 
north.  But  this  augmentation  of  the  terrestrial  degrees 
does  not  follow  a  regular  and  constant  progression.  There- 
fore no  meridian  whatever  can  be  ai  regular  ellipi^d.  It 
is  probable,  that  the  earth  itself  is  not  a  solid  of  revolution, 
that  is,  circumscribed  by  the  revolution  of  an  individual' 
ellipse  round  its  centre.  However,  those  irregularities 
which  appear  extremely  small  in  comparison  with  the  mass 
of  the  earth,  may,  without  inconvenience,  be  overlooked. 

The  meridiari  of  France,  which  Messrs.  Biot  and  Arago  Quantity  of 
have  lately  prolonged,  by  a  very  tediotis  operation,  as  fai*  *?®  ^«pw»- 
as  the  isles  of  Ivica  and  From'entera  ^  gives,  if  we  consi- 
der it  apairt  **,  for  the  quantity  of  the  diepression  ^  J^,  and, 
by  comparing  it  with  the  degree  of  Peru,  it  would  give  ^  J^. 

This    latter    result,   adopted    by    the    commission    of  Aficordi 
weights   and   measures,  coincides   with   what  was  found  ^'***  P^*®* 
by  obR^ving  the  pendulum.     It  agrees  also  with  seye^ 
T^  celestial  phenomena,  the  cause  whereof  is  the  non- 
sphericity  of  the  earth ;  for  this  planet  being  swelled  to- 
wards the  equator,  the  attraction  of  the  sun  and  moon 

*  Notl^  of  the  opemfions  carried  on  in  Spun.    Meicary,  Jan.  7, 1810. 
^  Laplace,  Syst^me  du  Monde,  p.  62. 
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is  there  more  powerful  than  towards  the  poles ;  and,  as  the 
plane  of  the  equator  is  inclined  to  the  ecliptic  and  lunar 
orbit,  this  additional  attraction  communicates  to  the  axis  a 
progressive  motion,  which  causes  the  equinoctial  points  to 
retrograde,  and  an  alternate  motion,  by  which  it  oscillates 
around  the  position  it  would  have  by  virtue  of  the  first  mo- 
tion.    The  latter  is  called  the  precession  of  the  equinoxes^ 
and  the  former  the  ntUation.     M.  Burg,  a  celebrated  Grer- 
man  astronomer,  having  calculated,  at  the  request  of  M.  de 
Laplace  ^  the  causes  of  those  perturbations,  and  the  influ- 
ence of  the  eartVs  depression,  found  the  latter  to  be  ^^j. 
New  mea-       The  degree  measured  at  the  polar  circle  by  the  French 
by  the  Swe-  academicians  in  1737,  was  that  which  differed  the  most  from 
dish  astro-  ^^g  general  result  deduced  from  all  the  other  data.  We  have 
already  mentioned,  that  considerable  errors  were  suspected 
in  the  operation,  and  this  has  been  since  demonstrated.    M. 
Melanderhielm,  a  learned  Swedish  astronomer,  undertook 
to  get  a  new  degree  measured  by  M.  Svanberg,  one  of  his 
pupils,  and  for  that  purpose  the  repeating  circle  was  em- 
ployed, and  all  the  delicate  methods  of  modern  geodesia. 
The  French  academicians  had  measured  only  an  arc  of 
57',  but  M.  Svanberg  extended  the  operation  to  1°  37'. 
By  the  definitive  result  of  this  measure  ',  a  degree  of  the 
meridian  is  found   to  be   57,209  toises,   or    60,970   fa- 
thoms, in  latitude  66°  20',  or  196  toises,   shorter   than 
that  which  was  measured  in  1737.     This,  compared  with 
the  French  degree,  gives  for  the  depression  y  J^,  and  with 
that  of  Peru  ^i^.     We  may  also,  by  different  hypotheses, 
combine  this  measure  with  a  depression  of  j]^.     Thus  there 
is  no  essential  difference  between  this  result  and  that  which 
was  adopted  by  the  French  matheipaaticians  ^. 

«  Laplace,  Syst&me  du  Monde,  p  216. 

^  Svanberg,  Kxposition  of  the  Operations  carried  on  inLiapland.  Stiockholm, 
1805,  p.  164,   92. 

£  Since  the  publication  of  this  work,  the  king  of  Denmark,  fiill  of  zeal  for 
the  progress  of  the  sciences,  has  ordered  an  arc  of  the  meridian  to  be  measured 
-which  passes  through  Jutland,  Fionia,  Holstein,  and  Lauenbouig,  and  which 
contains  4  degrees  of  latitude.  This  measurement  it  entrusted  to  one  of  tha 
ablest  modem  astronomen,  M.  Schumacher  of  Cop«nhagen.  At  the  same  time, 
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Observations  made  on  the  planets,  which  are  several  mil- Depretgion 
lions  of  leagues  distant  from  us,  have  concurred  to  estju"^*'"^""' 
blish  our  ideas  respecting  the  oblate  figure  of  the  terrestrial 
spheroid.  The  alteration  of  the  spherical  figure,  resulting 
from  the  rotation  of  a  celestial  body  on  its  own  axis,  appears 
also  in  the  planet  Jupiter,  where  it  is  so  sensible  that  the 
difference  of  both  diameters  of  the  disc  may  be  discerned 
by  means  of  a  telescope.  This  diflference  is  almost  ^^th ; 
and  when  we  compare  the  exact  measure  of  this  depression, 
the  dimensions  of  Jupiter,  and  the  time  of  his  rotation  with 
those  of  the  earth  \  we  find  for  this  latter  planet  a  flatness 
proportional  to  ^^^ ;  which  still  coincides  with  the  grand 
French  measure. 

It  must  not  be  dissembled,  that  this  accord,  which  appa- English 
rently  ought  to  have  been  universal,  was  affected  by  some"^*^^'*^ 
new  doubts  suggested  by  two  German  mathematicians,  by  Doubts, 
reason  of  the  geodesical  operations  of  the  English.     The 
two  measurements  in  the  East  Indies,  the  one  by  BurroWy 
under  the  tropic,  the  other  by  Lambton  at  12°  north  lati- 
tude, have  furnished  results  which  combine  tolerably  well 
with  those  of  the  French  measures,  though  they  are  still 
more  favourable  to  Newton's  theory  \     But  the  measure  of 
3  degrees  by  Major  Mudge  ^  in  England,  gives,  according 
to  the  German  mathematicians,  considered  by  itself,  a  de- 
pression under  the  equator  of  j\th.     This  singular  result 
seems  to  prove  decidedly,  that  the  spheroidal  figure  of  the 


the  celebrated  M.  Gauss  of  Gottingen,  is  directed  to  measure  an  arc  of  the  me- 
ridian of  3  degrees  in  Hanover.  This  operation  will  likely  be  connected  with 
thatoftheJDanes. 

It  is  known  that,  since  the  publication  of  this  volume  in  1812,  (second  edi- 
tion,)  the  English  and  French  mathemaUcians  have  connected  together  the 
grand  and  magnificent  geodesical  .operations  of  France  and  England. 

By  these  measures,  the  curvature  of  the  earth  is  exactly  determined  from  the 
Shetland  islands  to  the  island  of  Fromentera.  See  the  Notice  published  by  M. 
BioL — Author**  note*  « 

>  A  Laplace,  Systeme  du  Monde,  253. 

*Zach.  Corresp.  xii.  488 — 493. 

k  Phil.  Trans.  1803,  port  ii.  p.  383.  Comp.  Lindenau  in  Zach.  Corresp. 
nv.  137«  ei  teq. 
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earth  is  subject  to  irfegukfities  which  can  only  be  deter- 
mined by  multiplied  measurements  \ 
Geographi-  ]We  may  thei-efore  consider  the  quantity  of  the  earth's 
depression  as  sufficiehtly  determined  for  geographical  pur- 
poses. There  al-e  few  geographers  indeed,  who,  in  the 
construction  of  maps  on  a  small  sbale,  have  paid  attention 
to  the  depression  or  ellipticity  of  the  earth.  Maupertuis, 
Murdoch,  and  others,  have  indeed  calculated  tables,  which 
give  the  increase  of  the  degrees  of  longitude  on  an  elliptic 
spheroid  "*.  The  geographer  Bonne  demonstrated  to  Rizzi 
Zannoni  °,  that  in  his  large  map  of  Europe,  he  ought  to 
have  made  allowance  for  the  effect  of  ellipticity,  which  was 
then  presumed  to  be  ^^ 9.  But  the  measures  and  calculations 
have  now  changed  one  of  the  elements  of  this  question. 
The  depression  of  the  earth,  reduced  to  the  -^  of  the  equa- 
torial diameter,  not  producing  between  this  diameter  and 
that  which  passes  through  the  poles  more  than  a  difference  of 
about  7  leagues,  would  give  for  a  spheroid,  the  major  axis 
of  which  would  be  3  feet,  a  difference  of  only  1}  line, 
or  about  Jth  of  an  inch,  a  quantity  which  it  would  be  ex- 
tremely difficult  to  observe  with  precision  in  the  construc- 
tion of  globes.  They  may  therefore  be  made  perfectly 
spherical.  In  topography  and  special  hydrography  the 
effect  of  ellipticity  is  perceptible  not  only  in  the  de- 
grees of  latitude,  but  also  in  those  of  longitude ;  it  is  the 
duty  of  a  careful  geographer  to  attend  to  it,  by  follow- 
ing the  methods  which  several  late  works  give  for  express- 

^  Laplace,  Mecan.  C^este,  iL  lii.  Since  the  pi:d)lication  of  tins  work, 
few  memoirs  have  appeared  on  this  subject,  at  least  to  our  knowledge  $ 
but  the  opinion,  supported  by  so  many  physical  probabilities,  that  the  earth  is 
composed  of  two  unequal  hemispheres,  seems  to  have  been  rejected  by  JLaplace. 
^ote  of  the  Author,^^M.uch  light  will  be  thrown  on  this  subject  by  the  laboori 
of  Mudge,  Colby,  Kater,  Macculloch,  &c.  who  have  been  employed  lately  in 
extending  the  British  arc  of  the  meridian  to  Shetland,  combining  it  with  th^ 
French  arc,  and  determining  the  length  of  the  pendulum  at  different  points. 

"^  Maupertuis,  Elem.  de  Geograph.  Compw  Mem.  de  I'Acid.  des  Sciences, 
1744,  p.  466. 

°  Refutation  of  a  work  of  M.  Rizzi  Zannoni,  entitled.  Dissertation  on  diiier* 
ent  points  of  Geography,  by  M.  Bonne,  a  rare  work,  communicated  by  M.  d« 
Lalande  to  M  de  Zach.  Coriesp.  L  186. 
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ing  those  differences^.  The  tables  annexed  to  this  volume 
give  all  the  necessary  details  for  ascertaining  the  absolute 
value  of  each  degree  of  longitude  and  latitude,  as  also  for 
the  comparison  of  the  new  metrical  system  with  the  ancient 
measures.  However,  we  cannot  terminate  this  short  histo- 
rical  account  of  the  investigations  reladve  to  the  figure  of 
the  globe,  without  placing  before  the  reader  the  principal 
results  of  the  great  French  measure. 

B(ms  of  the  New  Metrology. 

In  M6trei«  In  Fmidi  Fctii 


The  fburth  part  oj 

f  the  meridian         .        10,000,000 

30784440 

The  Decimal  degree           .           .               100,000 

307844,4 

M3ni>imetie 

10,000 

30784,44 

PKikmietit 

•           •               1,000 

3078,444 

nQCtODietxe 

.            .                100 

307,8444 

Decametre 

10 

30,78444 

Metre 

•            •        •            •                    Jl 

New  Astronomical  Divmons. 

3,0784U 

The  fourth  of  the  meridiaa           .             100^ 

^ 

Degree 

lOO' 

Minute  or  prime 

•                    •                     • 

100^ 

Second 

•                              • 

100'" 

Compared  with  the  ancient  Astrononriad  Meaiures. 

1  Centesimal  degree  equal  to  •  54^ 

1  Minute  •  .  .  32''4 

1  Second  .  .  .  0''S24 

Dimensicmi  qfihe  Glebe. 

lln  Metres.  In  ToiMS. 

Radius  of  the  ecjnator  or  semi-mkjor  axis  of  the 

terrestrial  dUpsoid            .                   .  «,37S,750  3,271,225 

Sadiusofthesemi^minoraxls           •  6,359,668  3|261,432 

Depression  at  the  poles,  or  excess  of  the  equatorial 

above  the  polar  radius            •            •  19,088  9,794 

Badius  of  the  earth  supposed  te  be  spherical  6,366,206  3,266,329 

Circumference  of  the  ellipsoid  under  the  meridi- 
an of  Paris                  .                   .  [39,999,867  20,622,960 

Circumference  under  the  equator           •  40,059,946  20,553,717 

Note.  The  French  metre  is  39.371  English  inches;  thetoisey  aeeozding  to 
General  Roy,  is  1.065^7  o£nglish  fathoms. 

o  Puissant,  Traiti  de  OM^sie,  p.  125,  ^  teq.  Dubourgoet,  TxaitTde  Nan 
P  The  name  adopted  is  KHometrcf  but  it  is  a  barbarism :  the  proper  ex- 
pansion is  KiUmetre, 
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Principal  Degrees. 

In  Metres.  In  Toisps- 

Ancient  degree  of  Latitude  under  the  equator  1 10,614  56,753 

Ancient  degree  of  latitude  at  45^^  N.  latitude  •         111,117  57,01 1 

Ancientdegreeof  latitude  at  the  pole*  •                111,612  57, SO 4 

New  degree  of  latitude  under  the  equator  '•              07,559  51,078 

New  degree  of  latitude  at  50®  N.  (new  meas.)  .         100,006  51,310 

New  degree  of  latitude  at  the  pole                  .  .        100,449  51,538 

On  a  Spheroid  with 
On  a  Sphere,  a  depression  of  ^  3  ;• 

New  degree  of  longitude  at  0^  of  latitude .,  lOO.OOO"  100, 149* 

Id.  at  50«  N.  latitude  (new  div.)  .  70,711  70,922 

Id.  at  99"  latitude  .  .  1,571  1,577 

The  minuteness  of  those  differences  by  which  our  ter- 
restrial ellipsoid  has  been  proved  to  deviate  from  a  perfect 
globe,  strikingly  exhibits  the  accuracy  and  nicety  of  the  me- 
thods employed  by  astronomers  and  mathematicians.   Wfiat 
delicate  instruments  must  have  been  used,  what  rigorous 
calculations  made,  in  order  to  determine,  within  a  few  toises 
of  the  truth,  the  dimensions  of  this  vast  globe,  in  com- 
parison of  which  our  body  is   but   an  atom !    Let   not 
this  discovery  at  least  be  attributed  to  the  ancients!    If 
Whether     some  learned  men  have  pretended  to  see  clearly,  in  some 
WCTe  ws"'*  vague  phrases  of  the  ancients,  a  notion  of  the  polar  de- 
quainted     pression  %  th^e  are  others  who  have  as  clearly  discover- 
depression of ^^  the  idea  of  an  equatorial  depression"*;  those  two  op- 
the  ^lobe.    posite  opinions,  therefore,  destroy  each  other.     The  notion 
even  of  the  ellipticity  of  the  terrestrial  globe  could  not 
arise  but  from  a  clear  idea  of  universal  gravitation.     It 
was  therefore  reserved  for  the  genius  of  modern  geome- 
try to  draw  the  human  mind  into  .this  bold  and  subtle 
research. 


^  Freret,  Mem.  de  PAcad.des  Inscriptions,  tom.i^iii.  p.  112> 
T  Burnet,  TbeorU  Telluris  Sacra,  p.  26,  136,  137. 
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Continuation  of  the  Theory  of  Geography.     Of  Terrestrial 
Globes.     Of  their  Construction  and  principal  Uses*, 

To  fix  well  in  the  mind  the  different  parts  of  knowledge 
which  form  the  study  of  geography,  it  is  necessary  to  Jiave 
before  our  eyes  an  image  of  the  earth  and  its  parts,  on  a 
small  scale.  The  most  simple  of  these  representations  is 
the  artificial  terrestrial  globe ;  it  is  the  earth  in  relief,  with 
its  seas,  continents,  and  islands.  The  mountains,  rivers, 
and  principal  towns,  are  also  indicated  on  it.  All  these 
points  have  on  the  artificial  globe  their  trite  position;  they 
are  represented  in  their  totality,  and  relatively  to  each  other, 
as  they  are  situate  on  the  earth  itself,  according  to  astro- 
nomical observations  and  geodesic  measures.  A  geogra- 
phical map  can  only  give  perspective  views  of  a  part  of 
the  globe,  in  which  there  are  always  more  or  less  of  errors 
of  convention. 

We  find    in  the  artificial    globe  the   material  image  Description 
of    those  mathematical  circles   which   serve    to  give  ns^^jj^gio^^ 
an  idea  of  the  various  relations  of  the  earth  with   the 
heavenly  bodies,  and  of  terrestrial  places  with  each  other. 
Thus,  on  the   surface    of  the  globe    ought    to  be   in- 
dicated, the  terrestrial  equator,  the  tropics,  the  polar  circles; 
then,  by  weaker  lines,  the  other  parallels  to  the  equator, 
from  5  tod',  or  from  10  to  10 degrees,  according  to  the  size 
of  the  globe.     We  also  find  the  meridians  indicated  from 
6  to  5  or  from  10  to  10 ;  they  are  numbered  at  their  point 
of  intersection  with  the  equator.      The  parallels  to  the 
equator  are  also  numbered  at  the  place  where  they   cut 
that  meridian  which  has  been  chosen  for  the  first.     The 
ecliptic  is  also  marked  on  good  globes. 

a  Bioo,  Usage  des  Globes,  1718.    Schiehel^  Instruction  sur  Tusages  des 
Globes  Artificiels  (en  Allemand)  1779  &  178^. 


The  poles  are  indicated  bjr  two  points,  on  the  axis  of 
which  the  globe  turns.  These  two  points  are  fixed  to  a 
circle  of  metal  which  surrounds  the  globe  from  one  pole  to 
the  other,  so  that  on  turning  the  globe,  every  terrestrial 
spot  passes  under  this  circle.  It  serves,  therefore,  as  a  ge- 
neral meridian^  and  is  so  called.  The  degrees  of  latitude, 
and. even,  ojx  large  globes,  the  ndnutea  and  seconds,  are 
marked  on  the  general  meridian. 

The  he^M^rs,  or  feet  of  the  whole  auichine,  support  a 
orcular  band  of  metal  or  wood  ;  it  cuts  the  globe,  in  what- 
ever position  it  Wij  be  placed,  into  two  hemispheres,  one 
i|uperior,  the  other  infenoir ;  and  thua  vepresents  the  xatio»* 
al  horizon.  This  artificial  horizon  haa  several  cirelea  traced 
on  its  surface;  the  inmost  marks  the  OMmbes  of  d^reea 
of  the  twelve  signs  of  the  zodiac;  oait  aj:e  the  names  of  those 
signs  and  the  dajs  of  the  month.  Another  circle  is  dividU 
ed  into  thirty-two  parts,  which  mtjrk  the  points  of  the 
comp^iss.^ 

The  ^wadrQ0^Jhr  taking  hAghU  is  intended  as  a  suhsti^ 
1f^te  £or  the  compass  in  diifferent  reseasches*  It  i&  a  little 
plate  of  copper  attached  to  the  general  meridian,  and.  di. 
Tided  into  90  degrees  ^,  which  serves  to  measiure  the  dis- 
tance and  position  of  the  places  without  the  compass.  The 
hxyrary^  circle  is  fix^ed  on  the  iffoih  pole ;  k  i&  divided  into 
^4  hours,  and  bears  a  ^loveaM^  needte^  which  turnaiHHind 
the  axis  of  the  glob<e»  Theire  i»  also  at  the  f6ot  of  the 
globe  a  compa^s^  which  sho^d  he  fio^ed  in.  the  parallel  and 
meridian  of  the  ho];i;909, 
Buies  to  Cclobe-mi^^rs,  ^jpd  espeqially  those  oi  Fm%  have  been 
^^  *  so  ca^ele§s  oi^  lat^  y^^aES,^  in  the  deJieaite  coastauctaon  of  that 
in^trum^nt,  that  j^.  lover  of  geogiraphy  cannot  be  too  scru^ 
pulous  io,  exa^^iijj^ng  the  quality  qi  a  globe  before  he  puiu 
chases  it.  He  shpuld  asQ^sta^  the  complete)  coasespond- 
ence  of  the  dijvisiopa,  i^dfi^ked  on  the  ciDoles.  The  degroes 
of  the  eq^u^tcH;  an^  th$  ecliptic  shouldl  be.  equal  with  each 
other  and  with  those  of  th?  qwai^aiit     The  same  equality 

^  it  commonly  goei  to  114  dtgiees,  or  to  the  arch  equal  to  the  diameter. 
3 


should  exist  between  the  degrees  of  tt^e  genec^  n^eridi^ 
and  the  horizop,  r^pres^ot^  by  the  ulterior  circle  of  th^ 
drcular  band  of  the  middle.  These  diyisioni^i  t^re  ex^m^v 
edj  by  intercepting  with  a  compass  a  cert^n  x^unoi,ber  of  d^ 
grees,  and  by  tryii^  if,  with  the  s^me  opening  of  the  conv- 
pass,  the  same  number  of  degrees  C£^n  he  intercepted  every 
where.  The  globe  should  be  at  an  equal  4^t«nce  ffopx  th^ 
general  meridian  and  from  the  horizqn,  and  far  enough 
from  them  nev^r  to  rub  against  thpse  circles ;  which  only 
happens  in  the  yery  worst  glpbes.  T^b^  glpbe  should  bp 
balanced  perpendicularly  on  the  two  pc^ts  which  rej^^ 
sent  the  poles.  This  is  known,  if,  when  tnmed,  it  stops  9s 
soon  as  the  h^nd  is  taken  from  it  Th^  equator  should,  in 
all  positions^  cut  the  meridian,  and,  if  (hereby  one,  the  ho^- 
rizon,  into  two  equal  arches ;  it  ou^ht  therrfpre  ^Iways^  on 
turning  with  the  globe,  to  coincide  with  the  points  wher^ 
the  quarter  of  those  circles  b^gin.  ][n  i}},e  parallel  sphere, 
it  should  alw£^ys  preserve  th^  most  ex^  parallelism  ^ith 
the  horizon.  In  like  nianner,  t;he  tropi,cs  and  polar  pi^^les 
should  evejry  where  co^cid^  with  ^he  latitu4es  ii^t  b^Iiong 
to  thenu 

The  network,  or  assemblage  of  the  lines  represjen^ing 
the  circles  of  longitude  and  latitu^^,  shp\ild  correspond  ex- 
actly in  all  its  joinings ;  which  is  very  seldpra  t^e  case  ey^n 
in  large  globes;  the  surface  of  the  paper  pasted  on  the 
globe  being  rarely  connected  with  perfect  exactness. 

The  globe  serves,  generally  spea,king,  to  recapj.tu]ate  the  Construc- 
clem^ts  of  mathematical  geography.  In  ord.er  to  shew  its  ^?\^^ 
use,  we  shall  now  explain  i^s  primitive.  construct;ion.  The 
most  simple  and  most  exact  way  of  constrncti^ng  a  globe  i^ 
to  draw  immediately  on  its  surface,  by  the  n;ean^  we  are 
about  to  describe,  the  circles,  lines,  and  points,  which  it 
ought  to  represent  c. 

Let  us  suppose  that  two  poii^its  dia,i?9etrically  oppp^it^, 
have  been  fixed  to  represent  the  poles,  and  that  the  axi^  of 
rotation  is  to  pass  through  them :  taking  one  of  tb^se  ppi^ts 

• 

*  Tarenius,  Geaeral  Geography,  b.  iii.  chap.  32.  pxpp.  5. 
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for  a  centre,  at  an  equal  distance  from  each,  a  circle  must  be 
described,  which  will  be  the  equator ;  another  great  circle  will 
be  drawn  through  the  poles  to  represent  the  Jirst  meridian, 
which  will  be  divided  into  00  degrees,  setting  out  from  the 
equator  towards  each  pole :  afterwards,  setting  out  from 
this  meridian,  the  circumference  of  the  equator  must  be  di- 
vided from  degree  to  degree.  These  two  circles  being  de- 
termined, it  is  easy  to  mark  on  the  jglobe  a  place,  the  lati- 
tude and  longitude  of  which  may  be  learnt  from  the  geo- 
graphical tables ;  for  it  will  be  sufficient  to  mark  the  for- 
mer on  the  firsj  meridian,  and  through  the  point  where  it 
falls,  must  be  described,  taking  the  pole  for  the  centre^  the 
■  circle  parallel  to  the  equator,  passing  through  the  proposed 
spot;  then  drawing  through  the  pointy  of  the  equator  on 
which  the  longitude  falls,  and  through  the  poles,  a  semi- 
circle, the  meridian  will  be  had,  whose  junction  with  the 
parallel  marks  the  position  of  the  place. 

It  is  thus  that  the  circles  of  latitude  and  of  longititde  are 
traced  on  the  globe,  at  the  distance  of  10  or  5  degrees 
from  each  other.  With  respect  to  these  circles,  the  fol- 
lowing remark  may  be  perhaps  a  little  too  elementary,  for 
most  of  our  readers. 
Decrease  of  The  circles  of  latitude  are  parallel  to  the  equator ;  they 
of*iMuSu(^  diminish  therefore  necessarily  till  the  last  circle  of  latitude 
is  identified  with  the  point  of  the  pole  itself  The  circles 
of  longitude^  or  the  meridians  j  go  from  pole  to  pole,  and 
cut  the  equator  perpendicularly ;  they  are  equal,  with  a 
very  slight  difference.  The  degrees  of  latitude  are  count- 
ed only  on  the  circles  of  longitude,  and  vice  versa.  The 
degrees  of  latitude  are,  therefore,  little  arches  of  yj^  of  a 
circle  of  longitude^  intercepted  by  two  circles  of  latitude. 
They  would  of  course  be  equal  without  this  small  differ- 
ence, which  proceeds  from  the  depression,  and  makes  them 
increase  a  little  towards  the  poles.  The  degrees  of  longi- 
tude are  little  arches  of  y^  of  a  circle  of  latitude,  intercept- 
ed by  two  circles  of  longitude.  Therefore  the  degrees  of 
longitude  go  on  diminishing  in  propoftion  as  the  curcles  of 
longitude  come  near  each  other  \  and  at  the  point  where 
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all  these  circles^  till  then  convergent,  cut  each  dther,  that 
is,  at  the  pole  jdiere  is  no  more  longitude. 

The  reckoning  of  the  latitudes  beg^  «t  the  equator. 
This  commcnoement  is  naturally  determined  by  the  circum- 
stances  of  the  earth^s  motion.  It  is  otherwise  with  the  lon<> 
gitude ;  for  alt  the  meridians  being  great  circles,  nature  fur- 
nishes no  motive  for  choosing  one  in  preference  to  any 
other,  as  a  term  from  which  to  begin  to  count,  or  as^r^^Fintniti^ 
merkiiah.  We  need  not  be  surprised,  therefore,  that  geo-*^^^ 
grapheia  have  varied  much  in  their  choice. 

Ptolemy  fixed  his  first  meridian  at  the  Fortunate  Isles, 
(now  the  Canaries,)  because  it  was  the  most  western  limit 
cf  the  countries  known  in  his  time  ^  and  as  their  extent 
from  east  to  west  was  more  considerable  than  from  south 
(o  north,  the  former  received  the  name  of  longitude,  or 
length,  the  latter  that  of  UxRtudej  or  breadth,  which 
they  still  bear.  This  first  meridian  of  the  andents  is  not 
known  with  certainty,  as  its  position  depends  on  tlie  precise 
meaning  of  the  appellation  FortunaU  Isles^  a  point  which 
we  shall  discuss  in  the  history  of  geography. 

In  order  to  render  the  manner  of  expressing  longitudes 
in  French  geography  uniform,  Louis  XIII.  ordered,  by 
an  express  declaration,  that  the  first  meridian  should  be 
placed  in  the  Jsle  qfFerro^  the  most  western  of  the  Cana- 
ries. Delisle,  one  of  the  first  who  endeavoured  to  give 
precuaon  to  geographical  determinations,  fixed  the  longi- 
tude of  Paris  80  degrees  east  of  that  meridian.  When,  by 
more  rigorous  observations,  it  was  ki^own  that  the  difier- 
ence  of  longitude  between  Paris  and  the  principal  town  of 
the  Isle  of  Ferrq  was  80°  S'  W^  it  was  necessary  to  ad- 
vance the  first  meridian  B'  50"  to  the  east  of  that  point,  so 
that  it  is  now  a  drcle  of  mere  convention,  which  passes 
through  no  remarkable  point. 

The  Dutch  had  fixed  their  fir^t  meridian  at  the  Peak  of 
Tenerifie,  a  mountain  mtuated  in  the  island  of  that  namo, 
and  then  esteemed  the  highest  in  the  world. 

Gerard  Mercator^  a  famous  geqgraplier  of  the^li>th  cen- 
tury, chose  the  noteridian  which  passes  through  the  island 

yoi.  1,  •  F 
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Del  Chr^o,  6ne  of  the  AzorM,  because  in  bU  time  it  wai 
the  line  on  which  the  magnetic  needle  suffered  no  variation. 
It  mtiat  be  confessed,  that  it  is  the  most  natural  and  the 
most  commodious  p<nnt  of  departure  with  respect  to  maps 
of  the  world. 

Crec^^raphers  have  only  agreed  together  in  maintaining 

an  abuse,  that  is  in  understanding  by  the  name  of  the 

meridian  of  a  places,  only  the  half  of  the  great  circle  oorre* 

MeridMii    ^ponding  with  the  celestial  meridian ;  the  other  half,  which 

meri^ui    ^3  ^^  ^^  opposite  hemisfdiere,  with  respect  to  the  poles,  'm 

sodoetimes  called  the  imH-meridiB/n. 

According  to  the  custom  of  geographers,  the  lon^todes 
be^  to  be  counted  from  the  eastern  nde  of  the  £rst  me^ 
ridian,  and  are  reckoned  in  the  same  direction  over  the  whole 
drcumierenee  of  the  equator,  till  they  return  to  the  west^ 
ern  nde  of  the  meridian.     In  this  way  of  counting  the  Ion*, 
g^tudes  may  rise  to  960^ 
Xioogitades      These  conventional  arrangements  have  not  been  adopted 
^°^      by  manners.    Astronomical  observaticms  having  bksome  of 
custom  of   general  use  in  navigation,  and  the  tables  which  indicate  the 
navigators,  m^m^ut  of  the  celestial  phenomena,  and  the  position  of  the 
heavenly  bodies  at  different  epochs,  bding  always  caloalated 
for  the  meridian  dP  the  principal  observatory  of  eadi  nation, 
navigators  found  it  more  convement  to  rder  to  this  meridian 
the  points  of  the  routes  they  followed.    Thus  Prendi  man. 
fiers  count  from  the  meridian  of  the  observatory  of  t^aris ; 
theEnglish  from  Greenwich ;  the  Spaniards  from  Cadia.  Let 
US  observe,  moreover,  that  mariners  estimate  the  longitode 
from  the  difference  c(  the  time  which  elapses  between  the 
'  passage  of  the  meridians  through  the  same  heavenly  bodyv» 
43fr  from  the  difierence  of  hours  counted  at  the  same  mo- 
ment in  two  diflbrent  plaees.     If  one  has  advanced  towairds 
the  east,  one  counts  more  than  under  the  meridian  from 
which  one  set  out ;  the  contrary  happctns  when  oiie  advances 
towards  the  west.     It  is  necessarv,  therefore,  >rfien  we  con- 
vert  a  difference  of  time  into  a  ^ffi^eoce  of  longitude,  to 
indicate  if  it  be  orkwtei  cft  omdentaL    In  this  way  of 
counting,  the  longitude  i$  always  marked  by  the  side  near- 
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est  the  flrtt  meridran,  so  thdt  the  longitudes  tnily  crabtacc 
the  scmi-circuniftrence,  or  do  tibt  rise  beyond  180^:  and 
the  globe  is  divided  into  t\<ro  hemispheres  t^ath  respect  tb 
the  first  meridian ;  in  the  hemisphere  situated  to  the  west, 
the  longitudes  hkve  the  detiomination  of  occideiitdl ;  2lhd 
in  th^  other  of^ientat.  AM  tiiarine  charts  arle  established 
according  to  this  system  of  numeration. 

These  diversities  in  the  matmer  of  estmating  the  longi*  Reduction 
ttide  necessitate  calculations  of  reduction.   We  are  obliged,  ph^jj^. 
before  using  a  map,  to  exaniine  what  is  the  meridian  adofpt-gitudes. 
ed  by  the  geographer,   "which  often   embarrasses  even 
IcAfiied  p£ff sdns  ^'^ 

When  We  hhve  to  do  with  longitudes  reckoned  according 
to  the  tedthod  of  geograjAers,  that  is,  by  making  the  entire 
tour  of  the  globe  by  the  east,  we  must  take  the  difference 
of  longitude  of  the  two  meridians  to  be  compared ;  and  if 
the  tneridian  from  which  we  wish  to  set  out  is  to  the  west  of 
the  other,  this  ditference  must  be  added  to  all  the  longi. 
tudes  counted  from  the  other ;  ih  the  contrary  case  it  must 
be  retrenched. 

F6r  example,  Moscow  is  3S^  IS'  45"  from  the  meridian 
of  Pttis,  how  many  is  it  from  that  of  Greenwich  ?  Add  the 
differenee,  which  is»W  U%  and  yoU  will  have  the  result 
ST  99\  Here  is  Mother :  PAis  is  80^  from  the  meridian 
of  the  Isle  of  Ferro,  how  many  is  it  from  the  Dutch  mert* 
dian  of  Tenerilfe?  This  meridian  beihg  a  degree  more  to 
the  «a0(  than  the  other,  retrench  1^  from  the  given  longl. 
tilde,  Md  you  will  have  19°.  In  this  ealeuliition  theiv 
happen  two  particular  cases.  The  result  by  addition  may 
surpass  ^60^  ;  for  estampte,  Mtiidrid  is  853"  67'  40''  from 
Paris,  counting  in  the  mmtkat  dt  geographers,  how  many 
ffom  the  Idle  of  Perm  ?  You  find,  on  adding  the  ditfer. 
ence  of  the  meridiani,  S73^  it  40'' ;  but  as  this  sum 
exceeds  the  value  of  the  whole  drcle,  you  see  you  bave  re^ 
passed  a  second  time  thrcns^b  the  median  of  the  Isle  of 
Ferro.    You  must,  therefore,  retrench  860^,  and  you  have 
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13^  $?'  40'^  In  the  same  way  it  scHuetimes  happens,  that  the 
given  longitude  is  less  than  the  difference  of  the  meridians 
to  be  retrenched  from  it ;  in  this  case  360^  are  added  to  the 
longitude,  the  difference  is  then  retrenched,  and  the  sum 
required  is  found.  For  example,  the  isle  Gomere  is 
3S^  from  the  Isle  of  Ferro,  you  ask  how  much  it  is  from 
the  meridian  of  Teneriffe  ?  Add  SeO"  to  32',  retrench  thej 
difference,  and  you  have  359°  32^,  which  is  the  longitude 
required.  The  reason  of  these  operations  is  perceived 
on  repeating  them  on  the  globe. 

Reducdon       The  reduction  of  longitudes,  reckoned  according  to  th^. 

loD^tades.  practice  of  navigators,  is  much  more  in  use.  In  setting  out 
from  the  same  meridian,  all  the  oriental  marine  longitudes, 
as  far  as  180%  remain  the  same  as  in  the  manner  of  reckon-, 
ing  adopted  by  geographers.  With  respect  to  the  occideii- 
tal  marine  longitudes,  it  is  sufficient  to  deduct  them  from 
360%  to  bring  them  to  the  numeration  of  geographers. 
Here  is  an  example :  Yenus^s  Point,  in  the  island  of  Ota- 
heite,  has  been  determined  by  navigators  to  be  151''  50'  30" 
of  western  longitude  from  the  meridian  of  Paris.  If  from 
360*  we  take  off  151^  SO'  30",  the  difference,  which  is  208^ 
9  30%  will  be  the  longitude  according  to  geographers.  It 
is  evident  that,  by  an  inverse  operatiop,  we  may  transform 
ipto  nautical  longitude  the  geographical  longitudes  above 
180%  by  deducting  them  from  360% 

If  we  set  off  from  two  different  meridians,  we  must  ob- 
serve on  what  side  the  meridian  to  which  we  wish  to  refer 
the  longitudes  is  placed  with  respect  to  the  other.  We 
must  retrench  their  difference  from  all  the  longitudes  of 
the  same  denomination  as  that  side,  and  we  must  add  to 
all  those  of  a  contrary  denomination.  An  example  will 
make  this  rule  more  easy.  The  meridian  of  the  observa- 
tory of  Paris  being  8°  SO'  16"  to  the  east  of  that  of  Green- 
wich, all  oriental  longitudes  with  respect  to  Greenwich 
must  be  diminished  by  that  quantity  to  be  referred  to  the 
meridian  of  Paris,  and  the  occidental  lon^tudes  must  be 
augmented  by  that  quantity.  It  is  thus  that  the  longitude 
of  the  Cape  of  Good  Hope  being  18*»  23'  15"  to  the  east 
of  the  meridian  of  Greenwich,  becomes  16°  3'  to  the  east 
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df  that  df  Paris ;  on  the  cdntrary,  Cape  Horn,  placed  by  the 
English  at  67^  21'  16"  west  of  Greenwich,  is  69*>  41'  30'' 
west  of  Paris. 

In  these  reductions,  as  in  those  of  the  geographical  Ion* 
gitudes,  it  may  happen  that  the  points  to  be  reduced  fall 
between  two  meridians,  or  between  their  opposite  meridians. 
The  place  which  is  oriental  with  respect  to  one,  then  be- 
comes occidental  with  respect  to  the  other.  In  the  first 
case,  we  can  no  longer  retrench  from  the  longitude  to  re- 
duce the  difierence  of  the  two  proposed  meridians;  we 
must  do  the  contrary,  and  change  the  denomination.  In 
the  second  case,  the  number  which  results  from  the  addi- 
tion of  the  difference  of  the  meridians,  to  the  longitude 
wanted  from  the  meridian  we  wish  to  change,  surpasses 
180^,  because  it  is  beyond  the  meridian  opposed  to  that  to 
which  the  longitudes  are  referred ;  it  must,  therefore,  be  re- 
trenched from  380**,  or  from  the  entire  circumference,  to 
make  it  go  off  from  a  side  contrary  to  the  same  meridian  ; 
the  longitude  consequently  changes  its  denomination  again. 

Dover,  for  example,  is  V  18'  89"  to  the  east  of  Green- 
wich. Subtracting  this  longitude  from  the  difference  of 
the  meridians  2**  Stff  16",  there  will  remain  V  V  4S",  which 
is  the  occidental  longitude  of  Dover  with  respect  to  the  me* 
ridian  of  Paris.  Here  is  an  example  of  the  second  case :  At 
Turtle  Isle,  situated  in  the  Pacific  Ocean,  the  English  count 
17T  67'  west  longitude.  Adding  to  this  2P  20',  we  find  180* 
17'.  The  place  is,  therefore,  17'  beyond  the  meridian  oppo- 
sed to  that  of  Paris ;  and  by  retrenching  1 80®  17'  from  860**, 
we  have  179**  43'  of  east  longitude  with  respect  to  the  me- 
ridian of  Paris. 

When  the  principal  circles  of  longitude  have  been  traced 
on  the  globe,  and  places  known  by  observations  have  been 
marked  on  it,  which  are  generally  the  capitals  of  states, 
the  most  frequented  ports,  and  most  salient  promontories,' 
it  only  remains  to  fill  up  the  intermediate  spaces,  by  draw- 
ing from  the  best  geographical  maps  the  sinuosities  of* 
shores,  the  course  of  rivers,  and  the  chains  of  mountains.- 
But  as  all  the  materials  of  these  designs  must  be  taken 
from  maps,  of  which  we  shall  explain  the  construction  in  the 


following  Books,  it  would  be  premature  to  trpat  herp  more, 
at  length  of  the  rules  to  be  observed  in  choosing  the  ba^t, 
and  in  transferring  them  to  the  globe  with  the  greatest  ^t^t- 
Common    actnessL  We  shall  pnly  remark,  that  the  method  of  deii^eat- 

ing^giobcfc  *og  g^g'^^P^^^l  ow^^i^^  i^  o»  a  ball  <rf' copper, 

wood,  or  aiiy  other  m^tter^  is  only  employed  by  lpver»of  th^ 

science  who  w^sh  to  join  insiteuction  with  amusement,  or  by 
geographers  who  ar^  particularly  employed  by  somp  grea^ 
nobleman.  The  glob^makers  use  a  method  less  tediousy 
I9SS  expensive,  which  allows  them  to  multiply  ccq^ies^  Th^y 
h^ve  H.  general  map  of  th^  world  drawn  imd  ei^grav^n,  and. 
distributed  into  slipsj^  that  is,  spherical  segments,  with 
\vhich  they  cov^  the  ball  destined  for  a  terrestrial  globe, 
"[{^he  way  of  tracing  these  slips  will  be  indicated  in  its 
place. 
g\^^  ^^  The  fitst  use  that  is  made  of  the  gtobe,  is  to  d^tei^ 
Distance  of  ipine  the  distance  from  o^e  place  to  another.  Th^.dio|t^ 
^  ***^'  est  distance  of  two  points  on  the  sphere  is  mfsasur^  by 
the  arc  of  the  great  circle  which  joins  them ;  and  ^s  all 
great  circles  are  equal,  the  degrees  of  any  one  of  them  con- 
tain the  same  number  of  itinerary  measures  as  those  of  the 
meridian.  We  take  therefore  with  a  compass  the  c^)e&i];^  • 
of  the  arc  comprised  between  the  points  proppsed,  an4 
ca^rry.  it  to  the  meridian  or  the  equator,  which  sue  gradu- 
ated. 

r  If,  for  example,  the  arc  comprised  between  two  plaees 
marked  on  the  globe,  and  brought  to  the  meridian,  contain 
10°  45",  we  shall  have  the  shortest  distance  between  these 
points  in  itinerary  measures,  by  converting  the  degrees  an4 
minutes  into  marine  leagues  of  20  to  a  degree.  We  fir^t 
obtain  200  leagues  for  the  10°,  ^n4  <^ach  minute  b^g 
equivalent  to  a  third  of  a  league,  or  a  tu^kal  7n,Ue^  the 
45'  will  give  15  leagues :  thus  the  tot^  result  will  be  gjfi 
marine  leagues. 

in  delicate  operations,  however,  it  is  better  to  use  ci^^ 
oulation,  which  gives  a  more  precise  result.  Let  us  coa, 
sider,  for  exaniple,  the  spherical  triangle  APL,  Fig,  6» 
fprmed  by  the  meridians  AP  and  PL  of  the  plages  A 
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and  L,  whon  distance  we  reqube,  and  bj  the  arc  of  the 
great  circle  AL,  which  joina  them.  In  thia  triangle  we 
know  the  sideB  AP  and  PL»  which  are  the  distances 
of  the  points  A  and  L  from  the  pole  P»  or  the  com* 
plement  of  their  latitudes,  and  the  angle  APL,  which  is 
measured  by  their  difference  of  longitude ;  die  rules  of 
spherical  trigoaometr  j  will  give  us,  in  degrees  and  parts 
c^  degrees,  the  side  AL,  whioh  we  can  convert  into  iline^ 
-nry  measures.  In  the  case  where  the  places  A  aad  L  are 
in  diftrent  hemispheres,  one  of  their  dbtanees  from  the 
pide  will  be  greater  by  90^  than  the  latitude  of  the  place 
ittelf  *, 

If  the  places  of  which  we  wish  to.  know  the  distance 
have  the  same  meridian,  it  is  aaaiy  necessary  to  take  the 
difference  of  their  latitudes,  and  to  convert  it  into  itinerary 
measwes.  A  difierence  of  some  nunutes  in  longitude  has 
BO  sensible  effect  on  the  result  4  thus,  we  should  hardly 
mistake  more  than  a  league  in  JBcasuring  the  distance  from 


r 

*  Some  of  our  leaders  will  be  pleased,  perhaps,  with  ttn  example  of  this  sort 
ofealeuladon. 

,  Tin  distBMO  fton  Vm»  to  FhUadelpia^  i»  leqimd.  Loagimae  of  PU. 
^i^fhta,  77^36' Or'W.  LpiH{.  of  Faria,  0»  O'O^.  Differenqe  of  Uog.  A  «« 
T70  36'  0''.  Lai.  N*  of  Paris,  48°  5(/  15'';  therefore  the  complement  B  a 
4 1«  9'  ^'^.  Lat  N.  of  Philaddphia,  39^  56'  57";  therefore  the  complement 
C  8  50*  3^  8f'.  Mnltiply  the  tangent  B  by  the  cosine  A,  yon  wOl  have  ft 
tanaeot  which  we  sbali  call  9*  It  miut  hn  8iibtnct«4  tnm  C  if  A  is  Mm 
90**,  and  added  if  A  is  above.  There  result  the  quantity  we  shall  call  y^ 
Now,  as  the  cosine  f  is  to  the  cosine  B,. so  the  cosine  y  is  to  the  cosine  of  the 
^stance  required  D.  The  calculation  is  made  by  means  of  the  Tables  of 
Sines. 

Log.  tang.  B  =>  9.94165  Log.  cob.  x  mm  9.99249 

Log.  coe.    A  s  9<S3190  Log.  coa^  B  a  9^97670 


Lo|.  eoi.  y  nt8U8S79a 


^^m 


Log.  tang,  a  a;i  9.97365 

Therefore  Xmml(y>  37'  4S"  Log.  cos.  D  »  9.77211 

CimSO*    3'    3"  therefore  D  « 58*  42' 50^' 


'    ■■    ''  '■  ea  1074  leagues,  20  to ■ 

G*r-jra»y»39''S5'»5^  degres. 

See  the  trigonometry,  and  the  general  ibrmulas  in  Puissant,  Traits  de  Geo- 
dssie,  art  89.  Compt  art  SO. 


Paria  ta  A^r»ofi  the  laerktian  of  Ptels,  though  it  is  iF 

more  to  the  west  than  that  of  AlgieHB* 

lUmarks         It  woiild.be  a  great  error  to  take  the.  difference  of  loogi- 

lures  of(S^  tude  in  degrees  of  two  places^  situated  on  the  same  parallel^ 

tances.        for  the  measure  of  their  distance;  this.can  only  be  done 

when  the  places  are  situated  cm  the  equator,  which  is  a  great 

circle;,  but  its  parallels  being  small  circlesy  therad>tts'of 

which  diminkhes  as  we  approach  the  poles^  it  fo]4ows  ifotek 

the  pnncijde.  stated '.above,  that  the  absolute  length  i^ 

their  arcs  <ioes  not  give  the  true  measure  of  the  shortest 

distance. f mm  the  extreinities  of  those  axes;  this  distance 

can  only  be  measured  by  a  great  circle  passing  through  the 

two  extreme  points.^    For  as  the  radius  of  the  parallel  is 

shorter  than  that  of  the  great  drcle,  the  arec^  &e  parallel 

must  necessarily  have  a  greater  curvature  than  that  of  the 

great  circle  comprised  between  the  same  points,  and  is 

consequently  longer.     Here  is  a  striking  example :  Peters- 

burgh,  is  almost  under,  the  same  latitude  as  the  isle  of  S!o^ 

diak,  in  Russian  America ;  the  difference  of  longitude  is 

about  18Q%  equivalent  under  this  parallel  to  1800  marine 

le^ues ;  but  the  shortest  distance  between  these  two  places, 

is,  countii^  on  a  meridian  that  is  almost  common  t0  tbem, 

60  degrees  of  latitude,  equivalent  to  1 200  leagues.     It  is 

true  that,  to  take  advantage  of  this,  it  would  be  necessary 

to  cross  the  eternal  ice  of  the  pole.     Thus,  in  geography. 

as  in  pcditics,  the  straight  roiul  is  not  always  the  most  ad^ 

vantageous. 

It  is  necessary,  therefore,  in  many  cases,  to  measure  the 
distances  on  the  parallels,  and,  consequently,  to  know  ex-> 
actly  the  vajue  of  the  degrees  of  longitude  marked  on  the 
liftw  of  the  parallel  circles.    The  globe  renders  the  diminution  of  these 
rti^d"**^  degrees  towards  the  poles  sensible  to  the  ejre;  our  tables 
of  loDgi.     indicate  it  in' detail^:  But  we  should  know  the  mathema- 
tical, principles  of  it.     The  length  of  the  degrees  marked  on 
the  parallels  is  proportionate  to  the  radii  of  the  drcles ; 
but  the  radii  of  the  equator,  and  of  its  parallels,  are  per- 

^  See  the  Ttitlei  annexed  to  tliif  volume. 
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pen^ulars  lei  fall  from  the  diffsmt  potnts.cif.tbe  meri^i 
dian  on  the  diameter  of  <each  of  thesedide^ JM.ia  Fig.  6.> 
the  lines. EC  aod  HE.  Consequently^  if  we  take  the  ra- 
dius  £C  for  the  length  of  the  dq;eee-  of  the  equator,  and* 
if  we  divide  it  into  Kweiity  parts,  representing  manne' 
leagues,  the  number,  of.  these  parts  whkb  the  radiua  HK. 
of  the  paiTallel  I4M  may  contain,  will  indicate  .the  value  of 
the  degree  o£  this  parallel  in  leagues.  Hence  it  results,  that,* 
to  determine  the.  length  of  the  degrees  on  each  pandlel,*  we* 
have  only  to  d^spribe  on  a  line  EC,  whidi  rqufeaents  the' 
length  of  the  degree  of  the  meridian,*  or  of  the  equator,  a 
quarter  of  a  drcle  £F,  divide  it  into,  degrees,  and  let  per- 
pendiculars faU  from  eAd)  pdbt  of  diviaon  on  the.  ladiuS' 
CP ;  these  lines  will  mark,  the  iespectiye  lengths  of  the  de*f 

glee  of  the  parallel  for  each  lautude.  . 
As  the  line  HK  is  the  sine  of  the  arc  FH,  and  the 

oodne  of  the  arc  EH,  one  of  which  indicates  the  distance 
from  the  parallel  HM  tor  the  polcy  and  the  other  the  latitude 
of  that  parallel,  it  is  evident  that,  taking,  for  unity  the  dc^ee: 
of  the  equator,  that  of  any  paraUel  whatever  will  be  the 
codne  of  the  latitude  given  by  the  trigonometrical  tables^i 
For  example,  the  latitude  of  Paris  is  48°  50"^  and  the.  eo-' 
one  of  this  angle  0.658  of  the  radius;  multiplyiqg  thia 
nuinber  by  20  marine  leagues,  we  have  fer  the  value  of 
toe  degree  of  the  paraUel  13  leagues  ^.  In  the  latitude 
of  Petersburgh,  or  60^5  the  degree  of  longitude  is  reduced, 
to  10  leagues,  because  the  cosine  of  60^  is  the  half  of  the. 
radius. 

We  have  mentioBed  what  is  to  be  understood  by.  noriABaUtion  of 
and  wuihy  east  and  west ;  it  is  by  studying  the  globe  atten-^l^^th* 
tively  that  we  come  to  understand  perfectly  the  value  of  tho6e^>'*i'<">* 
terms.    Two  terrestrial  points,  situated  under  the  same  me- 
ridian, wee  directly  north  and  south  of  each  other,  and  all 
the  intermediate  points,  that  is  to  say,  all  the  points  of  the 
line  of  distance,  are  equally  north  and  south  of  each  other, 
and  all  reciprocally  on  the  same  point  of  the  compass.     In 
like  manner,  any  two  points  whatever,  taken  under  the 
terrestiial  equator^  ai«  directly  oust  and  west  of  each  other. 


and'alb  dhe  mtennediitte  poihti  are  equally  so^  and  are  re«' 
dpropally  ob;  .the  same  pcuat  of  the  eompaas. 
•  If  we  take  two  places  which  are  neither  uader  the  same 
Aiesidiiuci,  nor  under  the  equator,  whatever  be  otherwise 
tfi«r  relative  posi^B,  none  of  the  iotemiediate  plaees  will 
be»  with  respect  to  the  other  plates,  on  the  same  point  <^ 
the  oompass. .  For  the  ace  of  a  great  circle  which  mea-' 
Qures  .the  distances,  is.  an  axe  of  a  vertical  cirele  whii^ 
passes  by  tl^e  aoiith  of  the  two  places  in  question ;  bat 
every  vertical  cirele  which  is  itself  nekhw  a  meridian,  nor 
perpasidioular  to  the  tnrrestriai  meridiaii^  (like  the  equ»^ 
tor,)  will  cut  all  li$B  intermediate  meridians  nnda:  angles 
unequal  among  eadi  odier.  But  it  is  lllese  angles  of  pod^ 
tion  which  det^nmne.the  pnnt  of  the  compass  on  which  a 
place  is  relatively  to  another.  Therefore,  as  all  the  inter^ 
mediate  places  between  the  two  places  in  question  will  of- 
fer angles  of  pontion  unequal  in  degrees,  each  of  them 
#ill  be  on  another  pcnnt  of  the  following  place  from  what 
the  precediqg  place  was  frcHn  it.  Thus,  in  following  the 
diortest  route,  between  two  places  ntuated  out  of  the  equa- 
tor, and  under  different  meridians,  the  point  of  the  com- 
pass would  change  at  eveiy  step.  This  is  demonstrated 
by  Fig.  17,  where  PEp  represents  a  meridian,  EGII  the 
equator,  HLQ  a  parallel,  and  HIK«  the  great  circle  per- 
pendicular to  the  meridian  in  H.  We  perceive,  also,  that 
all  the  great  cirdes  perpendicular  to  the  same  meridian, 
meet  in  two  opposite  points  I  and  i,  which  are  the  poles  of 
that  meridian.  These  great  circles  must,  therefore,  conti- 
nually approadi  each  other  $  and  it  is  only  in  a  very  small 
space,  on  each  side  of  the  meridian  P£|7,  that  the  ciides 
lEi  and  IHi  can  be  conadered  as  paratlel  with  each 
other ;  and  hence,  too,  it  can  only  be  in  a  small  extent  that 

Uameut  the  lines  eosi  and  TMsi^  or  the  perpendiculars  to  the  meri- 

■nd  west,    ^n^  can  be  conadered  as  parallel '. 

'  As  the  great  circle  IHE,  perpendicular  to  the  meridian 
pf  EPj  cuts  the  other  meridians  under  angles  different  for 


eiiohy  wliile  tbp  paraHel  HLQ  meeta  tliew  9tt  4t  a  nght 
•ngl^  it  is  ^vidapt  that,  io  gpiag  fcpm  the  ppiat  H*  to^  th^ 
point  L  on  the  parallel,  we  turn  off  every  momeptfrom 
Ihe  direction  we  at'^F^  foUgv^,  to  piac^  oucaelv^  al  a 
right  ai^e  with  th^  diffi^^nt  xq^iidxaos  we  ciit,  and  which 
^U  upite  at  the  pole.  P.  W^  caonot,  tlierefore,  trape.on 
the  teiT^strial  spcface  a  parallel  to  the  equator)  90  edimiic^ 
dir^ly  either  eq^  qx  we$ty  but  by  m?aiw  of.  a;  ocymp^as^  o^  . 
8ti4  i^ora  ev^tly,  by  dat^nnimng  the  mecidim  from  plape 
to  |4m^  aad  k^pu%  pi^a'd  s^'  aivi^ri  iiii  tha  wm  iati^ 
tudef 

TUa  dilParence  between  the  paipta  cdf  ^  apd  «(^a^  of  tb^  Navigiitor*t 
glob?,  and  th(W  of  e^b  plfMsa  m  particqkr>  has  an  iaflm'^^ 
eoo^  <Hi  navigatiop  a»4  ^^  miM^Hime  charu.   The  wvigatpp 
(Odeavoiw,  m  much  a^^  po96ibia>  to  stul  op  thi4  sapa  poiiA 

of  the  compass,  at  least  for  ac?rtaia  timiQ,  otberwi^  be  caa« 
pot  knpw  whe^  lie  4k^t8  hia  cgurse.  Moreover,  h?  ipust 
Sptl  direct  bis  cqurse  so  ai^  to  r^ach  theai)Pt  ha  wishes  to  gq 
tq;  and  s^copdly^  he  shoi:|14  go  b^  the  shprte^t  way  fps^u 
ble.  If  a  vasiiel  aaila  always  east  aud  w^  mder*  the 
equfltpr,  its  ropta  will  ba  an  ar^h  of  the  equatpTi  and  con*^ 
lequently  the  shortest  road  betw^ep  two  places  ^itpated  uor 
der  the  equator.  If  a  vessel  be  directed  cqp^tantjly  QQTth 
or  south,  it  will  describe  oiP  arc  of  the  ipe^diap*  and  at 
the  sam^  tipie  the  ^hor^st  road  between  the  place  pf  depar- 
ture aad  that  of  arrived*  If  a  vessel^  out  pfthe  equator^ 
wis  coQstantly  east  or  west,  it. will  describe  a  parallel  K^ 
the  equator.  Therefore,  if  the  place  of  its  destipatioo  is 
to  the  east  or  west  of  that  of  d^iartpre^  and  ppder  the  eawe 
pafali^l,  the  vessel  wopld  arrive  there  indeed,  by  sailii^  air 
ways  on  the  9ame  point  of  the  conpas^t  bwt  aomcitipea  by 
a  very  tediops  coiupie^ 

If,  o«  thp  cpptrary^f  a  vessel  is  directed  (^op^tajotly  to^ 
wards  the  same  point  of  the  compass,  that  point  not  being 
one  of  the  four  cardinal  points,  it  will  describe  on  the  globe 
p  cyrve,  which  does  not  return  into  ttsetf^  hut  whkh  is  tn» 
defimfely  prolonged  In  a  spiral  numnery  always  ^^Sf?^^^^  Loxodro. 
tng  the  pole,  without  ever  reaching  it.    The  hxodromic  Une  mic  line. 
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may  be  also  defined  to  be,  a  sfiecies  of  logarithnnd  spiral,  de-^ 
scribed  on  the  sur&ce  of  the  sphere,  having  the  meridians 
for  its  radii. 

This'  line  was  discovered  by  Nonnius,  a  Portuguese 
mathematician,  who  was  asked  by  a  navigator  what  was 
the  cause  of  a  phenomenon,  which  undoubtedly  would 
astonish  those  who  had  not  read  what  we  have  just  men- 
tioned. It  is  asked,  why  going  conHantiy  on  ihe  pomt  east 
to  reach  a  place  really  situated  to  iJie  east  qfanotheTf  (by 
ihe  shortest  rimte,)  one  never  gets  there^  hut^  on  the  contra^ 
ry,  always  gets  the  farther Jrom  it  f  The  reason  is,  that  by 
always  following  the  same  point  of  the  compass  ont  of  the 
equator,  and  changing  the  meridian,  we  do  not  describe 
the  arc  of  the  great  circle  which  measures  the  distance  of 
two  places,  but  a  spiral  or  loxodromic  curve,  which  will 
never  pass  by  the  spot  required. 

It  is  necessary  to  go  on  the  loxodromic  curve  which  passes 
by  both  places,  or  on  a  line  which  cuts  the  intermediate  me-' 
ridians  under  an  angle  eqwd  to  the  angle  of  inclination  of 
the  loxodromic  curve  which  passes  by  the  two  places  ^ 
There  are  two  points  on  the  globe  where  there  is  neither 
Mematt  di  east  nor  west ;  these  are  the  two  poles.     The  globe  may 
rf^tS*^**  also  be  considered  with  respect  to  the  extent  of  its  surface, 
^kibc         We  have  seen,  that  it  is  16,601,200  square  marine  leagues, 
supposing  the  earth  a  sphere.     If  we  wish  to  know  the  ex- 
tent of  any  zone  whatever  contained  between  two  parallel 
circles,  geometry  teaches  us,  that  the  surface  of  a  spherical 
zone  is  to  the  area  of  the  sphere  as  the  distance  of  the  pa- 
rallels which  bound  it  is  to  the  diameter ;  and  this  dis- 
tance answers  on  the  diameter  to  the  difference  of  the 
sines  of  the  latitudes  of  each  parallel,  as  is  seen  on  Fig.  6. 
by  the  line  CK,  difference  between  CP  and  KP.     If,  for 
example*^  we  wish  to  estimate  the  zone  comprised  between 


^  Msupertuii,  Diiooun  sox  la  FanUaze  de  la  Liuie»  2,^  X2»  13, 14w  Mem. 
d0  FAcad.  des  Sden.  1754.  Varenius,  ch.  39,  &c.  Dubourguet,  Traits 
de  Navigation. 


the  48tli  aod  49di  pvaUeb,  ud  in  wkich  are  Paiig  md  iti 
enwonsy  we  say. 

The  ane  of  49»  being  0,755 

That  of       48  0,748 


The  difference   .    .    0,012 
Beduced  to  half  0,006,  shows  us  that  this  zone  contams  the 
TI&V9  or  ^  of  the  total  area  of  the  globe  ;  which  bdmg  es- 
timated at  16,501  ,£00  square  leagues,  we  ccKOclude  that  the 
SBooe  contains  99,007  square  leagues. 

With  this  datum,  we  shall  easily  calculate  the  extent  of 
e«ch  space  comprised  between  two  parallels  and  two  ^vei;^ 
liH»t4ii;<ina ;  it  is  necessaiily  in  the  same  relation  to  the  eOr 
tire  zone,  as  the  difference  of  longitude  of  the  two  meridi^ 
ans  is  to  the  entire  ciccumference :  we  find  consequently 
the  value  of  the  quadrilateral  bounded  by  two  meridians 
a  degree  cUstant,  and  by  the  48th  and  49th  parallels,  by 
taking  the  360th  part  of  the  number  99007,  which  indi* 
cates  the  total  area  of  th^  zone.  This  quadrilateral  is  about 
275  square  leagues. 

As  all  maps  are  divided  by  the  meridians  and  parallels  nd%«i 
into  quadrilaterals,  whidi  have  commonly  1,  5,  or  10  de-!^  ^^!^ 
grees,  it  is  plain  that  a  nmilar  calculation  for  each  zonetioiM» 
and  each  quadnlateral,  comprising  a  degree  of  longitude  9n4 
a  d^ee  of  ladtude,  would  give  a  series  of  results,  by  the 
bdp  of  which  one  might  estimate  fdmost  directly,  either  on 
the  globe  or  on  maps,  the  extent  of  ^ach  terrestrial  region. 

We  should  only  have  to  examine  how  many  quadriliii* 
terals,  of  an  equal  value  in  degrees,  were  inscribed  or  cir- 
comscribed  in  the  figure  of  the  couiitry  we  wish  to  mea- 
sure, take  the  value  in  square  leiigues  from  the  table^  and 
then  estimate  that  of  the  strips  which  might  happen  to  fall 
out  of  the  limits  of  these  quadrilaterals.  By  these  meaps, 
borrowed  from  spherical  trigonometry,' we  should  avoid  the. 
errors  which  almost  necessarily  happen  ^hen  we  wish  to 
make  use  of  the  scale  of  a  common  map  for  measuring,  ac. 
cording  to  the  rules  ^ plane  trigonometry,  the  square  sur»- 
fape  of  the  different  regions  of  the  earth.    Maps  which  re^ 


give  the  spaces  too  large  or  too  small  eithef  ki  the  eetitrd 
or  the  circumfetMc^.  .Their  scal^9  of  nMxluies  of  measure 
cannot  be  applied  utnforroly  to  their  tut^Ce, 

A  German  gedinelier  ^  has  calculat^i  from  these  princi- 
ples, tables  of  the  sqakire  eurfitce  of  the  xonesy  of  which  we 
Aall  itisett  a  tratiidation  at  the  etld  of  this  work.  We  sihali 
neiw  aho#,  by  an  exanq)Ie9  the  use  of  these  caiciitations* 

The  state  of  Pennsylvania  is  limited  to  the  tiorth  by  tbd 
parallel  of  4S^  and  to  the  sotith  by  the  parallel  1^89'^  4S^ 
feS"' ;  it  extends,  in  the  direction  of  the  longitudes,  tteiHa  2° 
east  (of  Washington,)  to  356^  ST  SO"'  west.  Thete  is  to  the 
notth  oidy  a  small  triangle  towards  the  lidce  Erii^  t^A  ^ 
strip  comprised  in  the  bend  of  the  Delaware,  which  extend 
beyond  this  figure ;  but  as  the  surfaces  U>  be  uddedai-e  very 
nearly  balanced  by  the  comers  of  the  neighbouring  stated 
which  enter  into  the  quadrilateral,  it  may  be  eonsidered 
as  equal  tathe  total  surface  of  Pennsylvania.  Now  the  four 
sones  from  40''  to  40*"  dO',  from  thence  to  4r  to  41^ 
SCK,  and  to  42^,  should,  according  to  the  tables,  have  a 
surface  of  217,845,077  square  leagues,  SO  to  a  degree. 
But  the  aone  between  89**  48'  S5'',  and  40S  is  only  16' 
W  in  breadth.  We  must  multiply,  therefore,  the  surface 
of  the  entire  zone  of  half  a  degree,  whidi^  according  to  the 

tables,  is  =  55319  square   leagues,  by  — ^ — ^=  t  qw/. 

Which  gives  for  the  surface  of  this  small  tone  80599^1 1 
aquaiie  leagues ;  a  sura  which,  added  to  that  of  the  four 
SK>ne8  cf  half  degrees,  forms  a  total  of  S4794.88  square 
leagues  for  the  surface  of  the  whole  terrestrial  zone  cdfii- 
prised  between  the  latitudes  89"  48'  W  and  40^.  Now^ 
Pensisylvania  only  occupying  on  this  2o0e  3P  %V  8C  of 
IcMigitude,  the  nrea  of  the  entire  zone  is  to  that  of  Peffnsyl^ 
irania  as  S60"  to 5*  tV  80'',  or  as  1^896^000  to  19iff90; 

*  KlUgel,  AuHWie  A8tM»i»&.  de  BerHi><  potir  TAb  1774,  p.  178.  Ckttip. 
Marer,  latradL  CokDploCe  i  I'Arl  de  TnKBi  dc«  Cvtes  G^ognpiiiqttes.  &c. 
p.  192.  (m  AIL) 
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#hicb  gkrea  fat  the  wirfiuseof  ftmn&fWwoiA  908040  iqpuM 
kagoes,  cyf  90  to  a  degree*  It  is  evident,  lii«t  this  ctdetf. 
ktion  might  be  abridged,  if  we  knew,  by  the  tabUsy  what » 
the  surface  of  a  quadrilateral  oomprisfed  beCWMti  two  mai^ 
dians  and  two  parallels,  distant  each  by  one  degree^  or  hatf 
a  degree :  these  quadrilaterals  beingcounted,  a  shnple  mul- 
tiplication would  ^ve  the  result  required,  atlowaned  being 
made  for  the  value  of  the  incomplete  quadrilaDSrals,  wUdi 
is  easily  estimated. 

Geometers  will  perceive,  that  these  vahiaticftis  on*  tigo^  ficmarkoB 
rously  exact,  only  on  the  suppbsitioii  erf  the  earth  being  ]J^^^^* 
spherical.     The  inequality  of  the  degrees,  wbieh  result^ 
ih>tD  the  elHptidty  of  the  darth,  oooasions  a  slight  differ- 
ence between    the  area  of  a  zone  taken  on  a  sphemid^ 
and  another  taken  on  a  sphere.    But  this  diffeivnce,  wbwli 
depends  on  the  quantity  of  the  total  depression  Of  Ih^ 
globe,  is  very  insensible,  and  amounts  on  a  2one  of  lOO^OOO 
square  leagues,  under  a  mean  ladtude,  only  txi  It  or'  800 
square  leagues  at  modt.  Moreover,  the  geometers  who  have 
proposed  algebraic  formuke  to  calculate  die  sorfaee'  o^  th^ 
zones  of  the  ellipsoid,  and  who  have  promised  to  puUiali 
tablesi  calculated  according  to  those  fomiuke^,  areofopi*     -  -  ■* 
nion  that  the  irregularities  of  the  terrestrial  sphereid  offe  ^ 

not  yet  sufficiently  known  to  be  determined  exactly. 

We  have  considered  the  globe  under  its  principal  geom^  Diftn 
trical  relations,  and  it  remains  for  us,  according  to  the  M^^^^i^y 
cient  custom  of  geographers,  to  shew  how  various  element- *^«8i<*«- 
ary  questions  are  resolved  by  means  of  the  artifldal  glob^. 
But  our  readers  are  aware,  that  exact  solutions  of  these 
prdblems  can  only  be  found  by  calculation ;  and  besidei, 
the  questions  commonly  solved  1^  the  globe,  are  mostly 
either  too  Vague  or  too  foreign  to  geography  to  deservie 
any  mention  in  this  work.    We  shall  confine  ourselves  to 
son^e  short  indications.  ^ 

To  find  on  the  artificial  globe  the  latitude  of  «iy  tetfee-  to  find 

'       '  geographic 
cbI  post" 
^Be  Zadi.  Conespond.  i,  ISl^lSi.     Paaquich,  iMd.  443 ;  u.  301— tioni. 

MS.    CoDB^    Klttgel,  Axmutiie  Asitexu  Bcrlio,  t7S>^  p^  84$^  fqf. 
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-trial  plioey'the  globe  must  be  miule  to  tvan  found  its  im^ 
.moyedble  axis  till  the  fix^d  meridian  be  bn>ug|^t  on  that 
place ;  and  the  degree  marked  on  the  meridian  at  that  point 
^unUgive  the  latitude  of  the  plaee.  The  longitude  <^.  the 
same  place  will  then  be  found  oa  the  equator,  at  the  fcaxit 
where  this  circle  passes  under  ^tbe  meridian.  If  we  wish, 
on  the  ccH^ary,  to  determine  the  positioa  of  a  place,  thfB 
Jop^tifde  and  latitude  of  whiph  are  known,  we  have  cm- 
Ij  tfi  make  the  point  of  the  equator,  which  is  at  the  giveii 
Jiongitude,  pass  under  tl^^  meridian,  and,  taking  on  the  me- 
ridian the  same  latitude,  we  shall  have  tl)^  geographical 
position  of  the  pl%ce. 

The  dial,  which  is  commonly  adapted  to  the  north  pol^ 
of  the  globe,  serves  to  shew  the  hour  in  one  part  of  the 
earth  when  it  is  noon  in  another ;  for,  by  placing  the  lat- 
ter under  the  meridiaUi  a|^r  having  fixed  at  noon  the  needle 
of  the  dial,  and  making  the  globe  turn  till  the  meridian  is 
on  the  place,  the  hour  of  which  is  required,  the  needle  will 
indicate  on  the  dial  the  hour  wanted :  it  is  afternoon  if  th^ 
globe  has  been  turned  to  the  east,  and  Jbrenoont  if  it  has 
.  been  turned  to  the  west 
To  find  the     If  ^e  ^sb  to  know  the  length  of  tfee  longest  day  for  all 
^°8^  ^    the  points  of  a  hemisphere,  the  northern,  for  example,  we 
^  must  place  the  meridian,  so  that  the  border  of  the  arctic 

polar  dicle  tpuche^  the  horizon  of  the  globe :  this  horizon 
will  then  be  confounded  with  the  drcle  of  illumination.  If 
we  bring  into  the  meridian  any  point  whatever  of  the  pro- 
posed hemisphere,  and  thenfi^  thf  needle  of  the  polar  dial 
at  twelve,  and  make  th^  globe  turn  pwards  the  east  till  the 
point  marked  enters  intQ  the  hori^n,  the  nee(lle  will  stop 
at  the  hour  at  which  thb  point  pas^  from  thf  enlightened 
to  the  obscure  part.  Tbe  number  of  hours  gope  over  on 
the  dial  will  be  the  half  pf  the  duration  of  tb^  day  requir* 
ed.  By  placing  the  pole  nearer  the  horizon,  we  E^all  ^ve 
•  '  this  Gtrolq  tlie  position  which  the  circle  of  ill^sf^nation  takes 
in  the  times  which  precede  and  follow  the  solstices,  and  we 
shall  £nd,  as  above,  the  length  of  the  day  in  e^h  coun-, 
Xx'j.    In  this  position  of  the  globe,  all  the  pjuits  wh^ch  a«^ 
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at  the  same  tbne  oa  tlie  western  border  of  the  horizon^  are 
those  which  see  the  sun  rise  at  the  same  moment  that  those 
on  the  eastern  border  see  it  set. 

The  directions  of  the  winds  with  respect  to  the  meridian  To  find  the 
line,  and  the  names  assigned  to  them,  are  generally  mark-g^**"^^* 
ed  on  the  horizon.     By   this  means  we  may  ascertain  setting  of 
the  poation  of  a  place  with  respect  to  the  sun,  at  the  *^*  *"°* 
moment  when  it  appears  to  rise  or  set,  by  observing  on 
what  point  of  the  horisson  the  given  place  passes  from 
die  obscure  to  the  enlightened  part,  or  from  this  into  the 
other.     The  globe,  thus  turned,  affinrds  the  means  of  repre- 
senting physically  all  die  phenomena  of  th^  annual  motion 
of  the  emrth.     It  is  sufficient  to  put  in  a  dark  room  a  globe 
with  a  taper,,  which  answers  perpendicularly  to  the  centre 
of  the  horizon,  and  at  a  pretty  considerable  distance  rela- 
tively to  the  diameter  of  the  globe ;  we  shall  then  obtain 
the  same  phenomena  as  the  sun  produces  during  the  ro- 
tation of  the  earth,  according  to  the  different  positions 
which  the  axis  of  the  earth  takes  with  respect  to  that  lu- 
minary*. 

The  distancie  of  two  places  is  measured  by  placing  one  To  measure 
of  those  points  on  the  meridian,  then  bringing  above  it  the^**°***' 
fixture  of  the  circle  of  heights,  and  making  this  arc  of  a 
drcle  turn  round  its  fixture,  till  it  passes  by  the  other, point 
proposed.  The  number  of  degrees  and  parts  of  degrees 
marked  at  this  point  being  reduced  into  itinerary  measures, 
will  ^ve  the  distance  required. 

If  we  wish  to  know  on  what  line  one  of  these  places  isto  rectify 
ntuated  with  respect  to  the  meridian  of  the  other,  we  iOQUst  *^«  ^^^^ 
first  place  the  globe  so  that  the  second  point  may  answer  to 
the  centre  of  the  horizon,  that  is  to  say,  we  must  rectify  the 
globe  for  that  point.  This  is  done  by  taking  its  latitude,  and 
making  the  meridian  move  in  its  encastrement  with  the  ho- 
rizon, till  the  elevation  of  the  nearest  pole  is  equal  to  this 
latitude.  The  horizon  is  then,  with  respect  to  the  globe, 
in  the  position  which  the  rational  horizdn  of  the  place  pro^ 

1  K«il»  Institut.  Astron.  p.  89. 
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pps^d^  QCeiipieg  pn  tfae  eactb.   Thfs  globe  bek^tbusreetifi* 
ed,  the  fixture  of  thec^ideof  beigbtsisbioiig^t  baclcoiithe 
place  in  question,  and  is  afterwards  nmde  to  p^ss  by  tl)^ 
^t  point    Tba  niimb^  of  degrees  and  parts  pf  d^rees 
cqmprised  oi^  tbe  horizon,  are  tben  coui^t^  froiiqi  the  cipde 
of  heig^its  to  the  mendiaq,  either  on  tbe  north  or  sc^uth. 
side,  and  we  have  the  maaspre  oi  th^  angle  fimaed  with 
themecidian  by  the  arc  of  the  great  drcle  iprhieh  jcHns^  by- 
the  flhortest  w|iy,  the  two  points  proposed. 
Another        The  proI|lem  pf  finding  the  diuration  of  th^  longest  day 
^^^   for  any  plaee^  may  also  be  resplved  by  subsdtuting  t]|e  n- 
kngtb  of    tiinal  hcHiaon  of  thfs  place  &r  the  circle  of  illiunioatiofli* 
^^^'      For  thf^  purpose  the  globe  i9|ui|t  be  rectified  for  ^e  place 
in  questiop,  and  be  place4  in  tba  meridian,  th^  Qfte^^e  cf 
tbe  polar  dial  must  be  placed  at  XII.  ^d  th.en  the  d^^ee 
oa  which  the  declination  of  the  sun  at  tbe  j^rxqposed  mp» 
ment  falls,  being  marked,  the  globe  must  be  tume4  till  the 
point  which  ocHTesponded  to  that  degree  of  the  meridian  is 
in  the  horizon.    The  number  of  hours  which  the  needle 
has  passed  over  the  dial,  will  be  the  number  of  those  whicli 
eUtpse  between  the  passage  ^  tjie  smi  to  the  mmdian,  and 
its' rising  or  setting.    It  is  plain  that  the  point  taken  uad^ 
the  meridian,  at  the  s^une  distance  froqi  the  equate^'  ^s  tbe 
suo,  goes  over  on  the  globe  the  same  rpute  a^  th^t  lu^ni- 
nary.    The  aame  process  would  piake  knpwn  the  time  that 
would  dapse,  in  any  place  whatever,  between  the  passage 
to  the  meridian,  and  the  risii^  or  settii^  of  a  heavenly 
body,  whose  deplimition  is  given ;  only  the  ppint  that  an. 
swers  to  this  dedinadon  must  be  marked  as\  the  meridian. 
To  detmnine  the  dura^n  of  tirilight,  we  ipus^  $nioe, 
by  means  t^  the  eirde  ol  he%hts»  18^  lielow  the  horir 
9Km,  a  <nrde  parallel  to  it,  and  d^nnino  the  instant  when 
the  pc^  taken  on  the  globe  to  represev^t  the  sup,  reaches 
th^tdrde. 
New  con-      All  these  probtons  would  be  more  easily  fxplamed  if 
^1^  ^  our  globes  were  constructed  aft^  the  new  method  prc^nieed 
in  part  by  G.  Adams'?,  but  executed  and  perfected  by 

B  G.  Adams,  Treatue  describing  the  construction  and  use  of  new  CeUsUal 
and  Terrestrial  Globes,  Lond.  1766. 


Covens  >.  Oar  reader?.  wiUb^  ajble  toju^  of  it  ft«^  Fig;. 
18,  of  which  W0  will  give  a,  9ho)rt  es^pl^m^Qih'  The  gpeaA  cir- 
cular support  ABQf  which  in  cQwnosi  glqbfs  represent 
the  hori2on,  here  rc^resen^,  th^  eclipjtic  On  this  hso^ 
band  are  two  divisiop%  cooweve^d^  one  to  Ibe  moUona  of 
the  sun,  the  other  to  those  of  the  inaan.  I^  th(&  first  vice 
•observe  a  subdiYiaion  indicating  the  065  days  oC  the  cao)r 
men  yeig-,  ajid  another  for  leap  year.  A  wiall  artifidali  apn 
moves  at  will  on  the  ecliptic.  The  exterior  divij^ion  of  the 
ecliptic  ^hoFs  the  longitude  a^^  latitude  of  the  nicx>A  for 
each  day  of  her  age.  The  great  bia^s  etrck  FNM*  per- 
pen^ular  to  the  ecliptic,  is  a  meridian  circle^  and  especial- 
ly  the  colur$  of  the  aohtkes.  The  axis  of  the  terrestrial 
globe  is  fixed  in  this  drde  at  the  points  FE»  and  kicUned 
on  the  ecliptic  under  an  angle  of  66^  S^^  .  In,  the^  poles  of 
the  ecliptic  at  the  points  L  and  G9  rise  two  pins  which 
bear  a  drcle  of  celestial  latitude.  "If  o  this  moveable  cir<;lp 
are  attached  two  stars,  also  moveable,  and  which  oan  1;^ 
placed  uikler  any  cdestial  latitude  ox  Jojp^tude  we  please. 
The  semicircle  FOPI,  is  the  half  of  a  Qirde  of  decliiiation. 
CBD  is  the  celestial  equator,  which  forms  with  the  ecliptic 
an  angle  of  23%  28'.  These  are  the  celestial  circles^  which 
do  not  turn  with  the  globe,  and  which  represent,  as  it  wer^, 
an  abridgment  of  the  armillary  sphere.  On  the  globe  it* 
self,  is  a  moveable  semi-meridian  RTQ.  It  is  divided  into 
degrees,  counted  on  one  ride  from  the  pojie  to.  the  equator, 
and  on  the  other  in  the  inverse  ofder.  A  great  circle, 
VSW,  is  so  fixed  as  constantly  to  preserve  a  perpendicular 
porition  on  the  meridian  BTQ,  at  the  same  tin;>e  that  it  majjT 
be  made  to  coincide  therewith ;  it  seirea  to  repre^ent  the  ra* 
tional  horiiQon  of  any  place  whatever.  Almost  on  the  globe 
itself,  in  the  plane  of  the  equator,  is  a  horary  circle  XYZ, 
attached  to  the  meridian.  The  moveable  sun  performs  the 
functions  of  the  needle  in  the  commpn  globes. 
It  is  easy  to  oonc^ve  the  adva^^g^ft  of  tins  new  con- 

»  CofCRSf  HMliiMiing,  Ac  (Introd.  A  1»  GoanaiMuioe  det  noavemiz  globei, 
^)  Amstml  1802.    Comp.  Tioi  JBe«luCBtto«D,  In  TM^  Gomspond.  »▼, 

no,  .  . 

5 


6i  BOOK  THIRD. 

iBtruction.     In  the  first  place,  it  gives  a  much  clearer  ide{i . 
of  the  horizon,  as  being  a  circle  independent  of  the  motion  of 
the  earth.   To  rectify  the  globe,  or  to  place  it  at  the  height 
of  the  pole  of  a  place,  it  is  sufficient  to  bring  the  proposed 
place  under  the  meridian  RTQ,  and  then  tp  push  the  hori- 
zon VSW  to  a  distance  of  90  degrees.     On  this  globe  the 
celestial  circles  are  better  distinguished  from  the  terres- 
trial ;  the  annual  motion  of  the  sun  is  better  represented ; 
in  short,  students  will  derive,'  from  the  study  of  such  a 
globe^  more  precise  ideas  of  the  relations  of  our  planet  with 
the  heavenly  bodies  which  surround  it. 
Historical       We  might  here  indulge  in  a  historical  digressipn  on  the 
mavks  on  successive  improvements  in  the  construction  of  globes,  from 
that  of  Bogerk,  immortalized  by  the  commentary  of  Edrisi, 
^  down  to  the  time'  of  Blaeuw  and  Coronelli,  who  first  made 

globes  of  elegant  forms  and  considerable  dimensions.  We 
Inight  investigate  the  origin  of  these  instruments  which 
Vere  known  to  the  ancients ;  inquire  whether  Atlas  was  the 
inventor  of  them,  iM^d  whether  the  two  famous  capitals  of  the 
temple  of  Solomon  ^  were  a  pair  of  dobes ;— whether  Albert 
Durer,or  Henry  Glarean,  first'taught  the  art  of  drawing  and 
engraving  spherical  segments,  and  of  parting  them  on  a  ball  p  : 
we  might  shew  that  the  means  of  multiplying  globes  by  en- 
graving must  have  been  generally  known  in  1530,  since  the 
cosmography  of  Gemma  Phrysius  was  accompanied  by  a 
similar  instrument,  as  our  modem  books  are  with  an  atlas  ^ ; 
«--and  finally,  we  might  be  allowed,  perhaps,  to  describe  the 
most  famous  terrestrial  globes,  i^uch  as  that  of  Coronelli, 
framed  at  the  expense  of  the  Cardinal  d^Estr^es,  and  placed 
first  at  Marly,  then  in  the  king^s  library  at  Paris ';  that  of 
Gottorp,  composed  by  Olearius  between  1654  and  1 064,  and 


*  Fabridi,  BibL  GnocAt  lib.  iv.  c.  14.  p.  464.    Hauber,  Hist  Des  Cartas 
Oeog.  57,  and  Supplem.  38,  (en  Allemand.) 

•    F  Zach,  CoRCfp.  xiiL  (10OS,)  liS.    Olareanus,  De  Geogr.  c.19.  1527. 
Vaugondy,  Oeogr.  Inttitut  p.  359. 

4  Gemma  Phrytius,  De  Prin.  Astioo.  et  Coemogr.  deque  lui  Gbbi,  153(X 
Pn  the  title  s  VeneuiU  cumgMiit;  Lovanti,  &c* 

f  De  la  Hire,  I^eicript  les  Globei  de  Marly,  1703. 
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whidi  Peter  the  Great  brought  in  a  frigate,  to  adorn  his 
new  capital;  that  of  Cambridge,  which  is  18  feet  in  diameter, 
being  ox  feet  more  than  any  of  the  preceding ;  and  many 
odiers,  celebrated  for  thdr  size  or  magnificence.  But  these 
historical  researches  wduld  lead  us  too  much  fix>m  our 
subject.  We  shall  only  remark,  that  the  copper  globe 
{daoed  in  the  hbrary  of  the  Institute,  though  incomplete 
witb  leqpect  to  modem  discoveries,  leaves  all  other  great 
globes  very  far  behind  in  the  beauty  of  its  execution.  Bo- 
naparte had  one  made,  now  in  the  Thuilleries,  which  does 
great  honour  to  MM.  Foirsen  and  Mentelle.    • 

Among  the  globes  that  come  into  the  market,  we  distin- 
gvSush  those  of  Lapic  and  Poirson  at  Paris,  made  of  a  ho- 
mogeneous mass  <£  papier  mach6.  Those  of  Sotzmann, 
published  by  Frantz  at  Nuremberg,  are  also  esteemed,  as 
well  as  these  of  Gary  and  Jones  of  London. 

Besides  lirmillary  sjJbieres  and  artificial  globes,  there  are 
two  other  instruments  of  which  the  us^  may  be  recommend* 
ed  to  young  persons.  One  is  the  planisphers  of  Fortin^ 
which  represents  the  true  planetary  system  in  a  new  and 
more  perfect  manner;  one  can  even  perceive  in  it  the  ellip- 
ticity  of  the  orbit  of  tlie  earth.  The  other  is  the  geocyclic 
machine  of  Loysel,  calculated  to  demonstrate  the  motion 
of  the  earth.  The  use  of  it  is  explained  in  Mentelle^s  £le« 
mentary  Cosmography.  A  taste  for  study  should  be  ex- 
dted  in  youth  by  thi^  sort  of  sdentific  sports;  but  to  ex- 
pect a  detailed  description  of  them  here,  would  be  to  ap« 
predate  but  imperfectly  the  object  of  our  work. 
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BOOK  IV. 

CominuaHofy  oftkt  7%taiy  ofikogtaphy.  Of  GMgtapku 
cat  Maps.  Of  <ft#  Stir^ographky  (hi^ographky  and 
CinfraX  Prt^dum. 

Lasge  globes  are  costlj  and  i&coilvenient  kistirutnents ; 
stn^l  ones  do  not  exhibit  sufficient  details,  tt  became  ne- 
cesssary,  therefore,  to  have  recourse  to  pictures,  which,  on 
ft  plane  surface,  might  give  a  riepresentation  of  the  g^obe 
imd  its  parts.  These  representations  embrace  either  the 
whole  earth,  or  a  part  of  the  world,  or  a  single  country, 
tn  the  first  case  they  are  called  maps  cf  ike  wyrldy  and 
gnMe^'  when  they  have  a  circular  form,  planispheres  ;  those  of  th^ 
">*?*•  second  class  are  called  general  maps  ;  the  others  are  spe^ 
dei  maps.  Among  the  special  maps,  some  represent  a  pro- 
vjince  on  a  large  scale,^  with  all  its  remarkable  places ;  these 
are  chorographic  maps.  If  t)ie  designer  has  entered  into 
all  the  det£uls  of  the  nature  of  the  ground,  or  has  even 
traced  out  insulated  habitations,  and  the  direction  of  roads 
and  rivers,  they  are  tc^ppgraphical  maps.  It  is  pliun  that 
these  sort  of  maps  must  necessarily  embrace  a  small  dis- 
trict, and  approach  insensibly  to  geometric  plans.  Custom 
sometimes  confounds  these  denominations.  Geographical 
maps,  properly  so  called,  are  also  distinguished  from  those 
that  are  appropriated  to  a  particular  use ;  such  are  hydro* 
graphic  charts^  destined  for  mariners,  mineralogical  maps, 
and  others*. 

The  figure  of  the  earth  prevents  the  possibility  of  ^ving 
a  general  picture,  in  which  the  distances  of  places,  and  the 


■  Mayer'fl  Complete  Introdaction  to  the  Art  of  Tiadng  Geogn^hic,  Hjm 
dragn^ic,  aod  Cdeitial  Maps*  &c.  Efiaiig,  1794,  (in  Gemum.)  Puisniit, 
Tnit^  d«  Topog.  b.  ii.  p.  92^152.  Comp.  Bob.  VM^aiidj,  Instit  Geognph, 
put  ii.  &e. 
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relative  extent  of  regions,  might  be  preserved  in  tbeir  mu- 
tual relations.  There  are  curved  surfaces,  which  can  be 
extended  on  a  plane  without  rent  or  duplication,  and  which 
for  this  reason  are  called  devBhpabk  surfiuies;  mich  are  Devdopa. 
those  of  cones  and  cylinders:  but  olhers,  like  those  rf the **^®~^***^ 
Sphere  and  spheroids,  cannot  be  so  Extended.  The  earth  be- 
ing a  spheroid,  its  surface  canndt  coindde  rigorously  with 
a  plane ;  and  thence  results  the  itnpossnUlity  of  marking 
on  a  mapj  at  the  same  time,  and  in  theif  natural  relations, 
the  extent  of  countries,  the  distances  of  places,  and  the 
flimilitnde  of  cbnfiguratiohs.  Geographers  are  obliged  to 
have  rfecdurse  to  various  constructions,  to  represent,  at  least 
in  an  approximative  mannef,  each  of  these  relations  iii  par- 
ticular. 

These  Constructions  have  received  the  name  of  jpro/^-of  pnjec- 
fwna  ;  a  name  applied  in  general  to  designs,  the  object  of  ^^^''^ 
wUdi  is  to  indicate  on  a  plane  the  dimensions  of  the  sphere, 
and  of  the  bodies  it  contains.  They  are  of  two  kinds : 
some  are  real  perspectives  of  the  globe,  or  of  the  parts  of 
its  surface,  taken  irom  dlffeteni  points  qf'miw^  and  on  dif- 
ferent planes  ;  the  others  are  only  a  kind  of  developments, 
restnuned  to  approximative  laws,  and  appropriated  to  the 
relations  which  it  is  wished  to  preserve  in  preference.  It 
is  of  the  projections  in  perspective  that  we  shall  now  occupy 
ourselves  in  this  Book.  Let  us  first  explain  the  general 
theory  of  projection,  as  well  as  it  can  be  done  without  the 
help  of  the  higher  geometry  ^ 

Projection,  in  the  language  of  perspective,  signifies  the 
representation  of  an  object  on  the  perspective  plane,  or  the 
plane  of  the  picture.  For,  in  every  picture,  there  is  supposed 
between  the  object  to  be  represented  and  the  point  of  view, 
a  plane  which  intercepts  all  the  rays  of  light  directed  from 
each  of  the  visible  objects  to  the  point  of  view.  Then  we 
conceive  a  multitude  of  points  of  intersection  of  those  rays 


^  See  Eiiler,  Acta  Acad.  PetiopoL  L  p.  1.  Lagnmge,  Menu  de  TAcad. 
^  Beriin,  1779.  MoUeveide,  Analyse  de  la  Projection  Ster^ographiqqe, 
dam  Zadi,  GoiKipoi^  xIt.  49^7,  5t8»  ei  uq* 
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mdi  the  plime  cyf  the  pietur&  The  assembtBge  of  thdse 
pmnts  is  the  image  of  all  that  hes  under  the  view  of  the 
spectatcH*.-  Each  point  of  intersection  is  the  perspective 
of  the  point  whence  emanates  the  ray  of  light,  which  having 
traversed  the  perspective  plane,  terminates  in  the  point  of 
view.  In  order  that  the  perspecdve  of  a  plane  figure,  as  of  a 
square,  of  a  circle,  &c.  be  a  »milar  figure,  two  things  are  re- 
quisite ;  Jirai^  that  the  pibint  of  view  should  be  in  the  axis  of 
die  figure ;  secondly^  that  the  plane  of  the  {Hcture  be  per- 
pendicular  to  that  asds.  If  the  plane  to  be  represented  is 
in  another  more  perpendicular  to  that  of  the  picture,  it  can 
only  be  represented  by  a  stridght  line.  A  solid  cannot  be 
seen  entirely  in  a  single  point  of  view,  two  at  least  are  ne- 
cessary. In  order  that  a  sphere  be  divided  into  two  equal 
surfaces  by  simple  perspective,  the  point  of  view  must  be  at 
an  infinite  distance.  The  straight  line,  drawn  from  the  ceur 
tre  of  the  globe  to  the  point  of  view,  is  the  axis  of  the  great 
circle  which  separates  the  visible  hemisphere  from  that 
which  is  not.     It  is  called  the  optical  axis. 

The  projection  of  the  sphere  is  commonly  divided  into 
orthographic  and  stereographid, 
Iam%  of         Orthographic  projection  is  that  where  the  surface  of  the 
J^**"r    sphere  is  represented  by  a  plane  which  cuts  it  through  the 
tbn.  middle,  the  eye  being  placed  vertically  at  an  infinite  dis^ 

tance  from  the  two  hemispheres.  Here  are  the  principal 
laws  of  this  projection  ^:  Ifit^,  The  rays  by  which  the  eye 
sees  at  an  infinite  distance  are  parallel.  2J,  A  right 
line  perpendicular  to  the  plane  of  projection,  is  projected 
through  a  single  point,  which  is  that  where  this  line  cuts  the 
plane  of  projection.  3d^  A  right  line  which  is  not  perpen- 
dicular to  the  plane  of  projection,  but  parallel  or  oblique  to 
it,  is  projected  by  a  straight  line  terminated  by  perpendicu- 
lars brought  on  the  plane  of  its  extremities.  4uhy  The  pro- 
jection of  the  line  is  the  greatest  possible  when  it  is  paraUel 
to  the  plane  of  projection.  5thf  Thence  it  follows  evident- 
ly, that  a  line  parallel  to  the  plane  of  projection  is  projected 

'  D*Alembert,  Enqrd.  Method,  nt  PrtgecHon. 


by  a  line  that  is  ^cpaH  to  it ;  but  that^  if  it  is  oblique  to  the 
plane  of  projection,  it  is  projected  by  a  line  less  than  it.  &A, 
A  plane  surface,  if  it  is  perpendicular  to  the  plane  of  pro- 
jection, is  projected  by  a  simple  straight  line ;  and  this 
straight  line  is  the  line  itself,  where  it  cuts  the  plane  of  pro- 
jeeticm,  7^A,  Thence  it  is  evident,  that  the  circle,  the  plane 
of  which  is  perpendicular  on  the  plane  of  projection,  and 
which  has  its  centre  on  that  plane,  ought  to  be  projected  by 
the  diameter  which  is  its  common  section  with  the  plane  of 
projection.  8/A,  It  is  also  evident,  that  an  arc  of  a  circle^ 
the  extremity  of  which  would  answer  perpendicularly  to 
the  centre  of  the  plane  of  projection,  ought  to  be  projected 
by  a  straight  line  equal  to  the  sine  of  that  arc,  and  that 
its  complement  is  projected  by  a  line  which  is  simply  the 
versed  sine  of  that  arc.  9th,  A  circle,  parallel  to  the 
plane  of  projection,  is  projected  by  a  circle  that  is  equal  to 
if;  and  a  circle  oblique  to  the  plane  of  projection  is  pro. 
jected  in  an  ellipsis. 

Stereographic  projection  is  that  where  the  surface  of  the  Laws  of 
sphere  is  represented  on  thfe  plane  of  one  of  its  great  circles,  "^^l*^*"^ 
the  eye  being  supposed  at  the  pole  of  that  circle.     In  the  jectkm. 
stereographic  projection  the  globe  is  considered  as  a  trans- 
parent solid.     The  hemisphere  represented  is  that  which  is 
opposed  to  the  hemisphere  in  which  the  eye  is  supposed  to 
be.     Here  are  the  principal  laws  of  stereographic  project 
tion. 

\st,  Every  great  circle,  passing  by  the  centre  of  the  eye> 
is  projected  in  a  straight  line.  2d,  A  circle  placed  perpen^- 
dicularly  opposite  the  eye^  is  projected  by  a  similar  circle. 
Sd,  A  circle  placed  obliquely  with  respect  to  the  eye,  is 
projected  by  another  circle,  the  radius  of  which  increases  in 
the  ratio  of  the  obliquity.  4^A,  If  a  great  circle  is  project* 
ed  on  the  plane  of  another  great  circle,  its  centre  will  be  on 
the  line  of  the  measures,  that  is  to  say,  on  the  projection  of 
the  great  circle,  which  passes  through  the  eye,  and  which 
is  perpendicular  to  the  circle  to  be  projected,  and  to  the 
plane  of  projection.  The  centre  of  the  projected  circle  will 
be  distant  from  the  centre  of  the  primitive  circle,  or  of  pro- 
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jectirtiij  by  the  quantify  of  the  tangietit  of  its  elevation  abov^ 
the  primitiTe  plane,  or  the  plane  of  projection.  Aihy  A  small 
tirde  wilt  be  jk^ojected  through  another  circle,  the  diameter 
tof  which  {if  the  drcle  tb  be  projected  surrounds  the  pole 
of  the  primitiye  circle)  will  be  equal  to  the  sum  of  the 
seml-tang^ts  df  the  greatest  and  smallest  distance  from  the 
pole  of  the  primitive  circle,  these  tangents  being  taken  each 
in  the  line  of  the  measures  of  the  same  ade  of  the  centre  of 
the  primitive  cirele*  §ihy  In  the  stereographic  projection, 
the  angles  which  the  circles  make  on  the  siirfaee  of  the 
sphere  are  equal  to  the  angles  which  the  lines  of  their  res- 
pective prbjecticms  make  among  themselves  on  the  j^ane  of 
jprqection^. 

Setting  (mi  from  these  principles,  methods  have  been 

found  for  tracing  maps  of  ihe  world  according  to  eithar  of 

these  prqjeetion^  •. 

Three  sorts     Thte^  sort«  of  steteogn^^hic  projections  are  in  common 

of  8teraogi».  i^s^ :  1*^,  That  on  the  plane  of  the  equator,  called  polar j 

tioi&         because  the  eye  is  supposed  to  be  at  one  of  the  poles.     ^ 

That  on  the  plane  of  ammdian,  commonly  that  of  the  Isle 

6f  Ferro,  Which  cutis  the  globe  into  two  hemisphereSf  one  oon« 

taining  America  and  the  other  Europe,  Asia,  and  Africa. 

8rf,  That  oh  the  plane  of  the  horizon  of  any  place  whatever. 

Polar  wo-       ^^  *'"'  ^^^  explain  the  method  of  tracing  the  pdar  pro- 
jection,     jection.    Supposing  the  eye  at  one  of  the  poles,  the  picture 
will  be  itself  the  plane  of  the  equator ;  the  meridians  will 
be  projected  by  the  straight  lines,  and  the  circles  parallel 
to  the  equator  by  concaitric  circles. 
J,    .     ^      The  meridiastis  are  teaced  as  follows :  jiCt  AP.  fig.  19. 
meridiana.  be  the  rttdius  representing  that  of  the  terrestrial  sphere-,  and 
ABCD  eine  of  the  great  circles  of  that  inhere.     The  centre 
F  being  token  fo^  th^  projection  of  t^  optical  axis,  or  of 
the  point  of  view  placed  at  the  pole,  the  circumference 
ABCD  will  be  the  projection  of  the  equator.     But  als  the 
|danes  of  the  meridians  all  cBEt  each  other  according  to  the 
tois  of  the  earthj  which  is  perpendicular  to  ABCD,  the 

d  D^Alembieiiy  Idc.  cit. 

*  Puissant,  Topographic,  117,  sqq,  ■ 
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projection  of  the  first  meridian  may  ^be  represented  by  any 
diameter  whatever ;  for  example,  by  AB.  Now,  if  we  di- 
vide the  semi-drctimferenc6  ACB  into  20  eq\id  paints  and  if j 
through  all  the  points  bf  division,  we  cahry  diametet*ft  Iduch 
as  (1)  (30),  (i)  (40),  and  so  oti,  they  will  be  the  pi^jeo- 
tions  ot  the  meridians  corresponding  with  the  longitudes 
A  (1),  A  (2) ;  the  difference  of  longitude  of  the  two  meridi- 
ans, traced  in  this  way,  will  be  10  degrees,  new  French  mea- 
sure, 6r  9,  ancient,  since  the  arc  AC,  which  is  the  quadrant, 
and  equd  to  100  new  degrees,  txt  ©0  undent,  is  divided 
into  10  equal  patts. 

To  obtain  the  projection  of  the  parallels  to  the  equator,  Tradag  ot 
ispaced  from  10^  to  10  degrees,  We  must  raise  the  diameter  J^^P"^ 
CB  pei^endicular  to  AB,  and  draw  the  straight  Knes  D  (1)> 
lb  (2),  D  (3),  Itnd  the  following,  which  will  cut  the  diame- 
ter AB  at  the  points  d'  d''  ct'\  and  so  on.  Then,  by  mak- 
ing the  radii  fcf  Pd'',  turn  round  the  point  P,  as  the  com^^ 
mon  ceatre^  the  circles  will  be  described  which  are  the  re- 
quired projections.  In  this  method  J)  is  taken  for  a  point 
of  vieVir,  and  the  points  t?  if'  «f ",  are  the  stereographic  pro- 
jections of  the  corresponding  points  (1)  (f)  (3),  belonging 
to  the  parallels  of  tfie  10th,  20th,  80th  degrees ;  for  if  we 
conceive  that  the  circle  ABCD,  turns  round  the  diameter . 
AB,  till  it  makes  a  right  angle  with  the  plane  of  the  figure, 
the  radius  PB  will  be  perpendicular  to  this  plane,  the  point 
C  wyn)e  the  pole  opposed  to  the  point  of  view  T),  and  the 
circles  A  (1),  A  (2),  8rc.  will  be  the  respective  latitudes  of 
the  parallels  to  the  equator;  consequently  the  traces  A, 
d>  dr^  &c.  of  the  visual  rays  DA,  D  (1),  D  (2),  will  repre- 
sent oil  the  perspective  plane,  the  points  A  (1)  and  (8). 

liCt  us  pass  to  the  stereographic  projection  on  a  meridian.  Equatorial 
f n  Ais  method,  the  point  of-  view,  always  placed  in  the  P«^«^o"» 

,*^  .«  or  on  a  inc- 

centre  of  the  hemisphere,  opposed  to  that  which  is  to  be  ridiaa, 
^'^Jf^sented,  is  on  the  circumference  of  the  equator,  and 
thfe  projection  of  this  great  circle  is  a  straight  line  perpen- 
dicular to  the  axis  of  the  poles  of  the  earth. 

The  meridians  are  projected  in  the  manner  we  shall  now  Tracing  of 
indicate,  by  making  use  of  Fig.  80.    Let  AB  be  the  pro- *^*,.'°'"^'" 
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,  jection  of  th6  equator,  PP,  the  axis  of  the  earth,  4ticl  C  the, 
centra'  of  the  mass,  or  the  projection  of  the  pcxnt  of  view 
on  the  picture,  on  the  plane  of  the  meridian  APBP,  the 
meridian  we  shall  consider  here  as  the  first.  All  the  meri- 
dians having  PP  for  their  common  section,  and  their  pro- 
jections being  circles,  the  circumferences  of  which  neces- 
sarily pass  through  P  and  P,  it  follows  that  their  centres 
are  on  the  right  line  AB.  Let  us  divide  as  before  the 
arc  AP  into  ten  equal  parts,  let  us  draw  the  diameter  (1) 
(SI),  and  through  its  extremities  let  us  bring  the  right 
lines  P'  (1),  F  (21),  which  will  cut  respectively  AB, 
which  we  shall  prolong,  if  necessary,  to  the  points  m^  and 
n';  these  points  will  be  the  projections,  or  the  perspec^ 
tives  of  the  extremities  of  the  diameter  of  the  meridiam 
of  the  map,  passing  by  the  point,  the  lon^tude  of  which^ 
with  respect  to  the  first  meridian  AP,  ifr  10  degrees,  new 
measure.     If  therefore,  from  the  middle  of  m',  n%  as  a  .cen-» 

tre,  with  a  radius  = — — -,  we  describe  the  arc  Pm'  P^ 

we  shall  have  the  projection  of  the  meridian  required.  By 
repeating  the  same  construction  for  the  points  of  division 
(2)  (S),  and  the  others,  we  shall  obtain  the  projections  o 
the  other  meridians ;  and,  by  a  natural  consequence  of  the 
symmetry  of  the  figure,  what  we  have  constructed  in  the 
semicircle  PAP,  will  serve  for  the  other  semicircle  PBP. 
As  to  the  meridian,  the  plane  of  which  is  perpendicular  to 
the  picture  APB,  it  will  be  represented  there  by  a  right  line 
which  coincides  with  the  axia  PP. 

As  the  length  of  the  radii,  to  describe  the  meridians,  may 
become  too  great  to  trace  these  drcles  by  means  of  a  com- 
pass, a  very  simple  instrument  is  used,  composed  of  two 
moveable  rulers,  AC  and  CB,  Fig.  20.  united  at  C  by  a 
hinge,  which  allows  them  to  form  any  angle  whatever.  A 
pencil  is  placed  in  the  centre  of  the  motion  of  these  two 
rulers,  the  point  C  is  made  to  coincide  with  the  point  m'. 
Fig.  21  ;  at  the  points  PP'  are  fixed  two  small  metal  points, 
agiunst  which  the  edges  of  the  rulers  are  applied,  the 
point  C  always  resting  on  w! ;   then,  without  varying  the 


KATHEMATICU^L  CXOORAraT.  98 

•  *  ,  -  *        * 

angle  ACB,  the  instrument  is  made  to  move,  so  tbat  the 
rulers  lean  inces^ntlj  against  the  points  PP'.  The  pencil 
C  then  describes  the  arc  of  the  circle  Vmf  F,  Fig.  21.  The 
demonstration  of  this  process  is  afforded  by  elementary' 
geometry. 

Let  us  now  indicate  the  projection  of  the  parallels.  These  Tradifg  o|, 
drcnlar  carves  ought  to  pass  by  the  corresponding  points  of  P""^^"^ 
di^fflon,  (1)  (19),  (8)  (18),  (8)  (17),  &c.  and  their  centres 
are  necessarily  ntuated  on  the  prolongation  of  the  axis  PP. 
We  may  determine,  for  example,  the  centre  of  the  projec- 
tion of  the  parallel  (9)  (11),  in  the  following  manner.  Draw 
the  straght  lines  B  (9),  B  (11)  ;  the  first  will  cut  PF  at 
the  pcnnt  r',  the  second  at  the  point  r,  and  the  distance  rr* 
will  be  the  diameter  of  the  parallel,  whi(;h  is  moreover  de« 
termined  by  the  three  points  known  (9)  r,  (11)  ;  we  have 
only  to  dcseribe  an  are,  the  ^ntre  of  which  shall  be  in  the 
middie  of  rf'j  and  the  radius  equtd  to  the  arc  (9)  P ; 
it  will  be  on  the  map  the  parallel  of  90  degrees,  new 
measure. 

We  shall  next  consider  the  hOrizoniai  stereognxphic  pro^'aotami^ 
jecHony  the  most  interesting  application  of  diis  methodlP'^'i^^'^"^* 
The  rational  horizon  of  any  place  whatever,  will  serve 
as  a  plane  of  .projection ;  the  point  of  view  is  the  low- 
ered pcAe    of  that  horizon;    the  meridian    that    passes 
through  that  place  is  represented  by  a  right  line,  and  is 
oomnKM^y  called  the  principal  meridian.   Now  let  ABDE, 
Fig.  9&i  be  the  horizon  of  a  place :  its  centre  C  will  be  the 
projection  of  the  point  of  view,  or  of  the  pole  of  the  hori^ 
zoo.    Again,  let  AB  be  the  diameter  which  represeiits'  the 
principal  meridian.     If  the  angle   PC  A  is  equal  to  the 
height  of  the  pole,  and  DE  be  perpendicular  to  AB,  the 
right  line  P£  will  cut  AB  in  a  point  p,  which  will  be  the 
projection  of  the  raised  pole  of  the  globe.     If  in  like  man- 
ner the  line  EP  is  prolonged  till  it  cuts  the  prolongation 
of  AB  in  j/,  this  pcMut  will  be  the  projection  of  the  lowered 
pole  of  the  g^obe.    The  projections  of  the  meridians  which 
will  all  pass  through  the  points  ppt^  will  have  at  the  same 
time  their  centre  on  the  right  line  SS',  perpendicular  on  F,  or 
op  the  middle  jTp".  •  SS'  is  called  the  Unc  of  the  centra  of  the 


the  meridi- 


meiidiqni^  It  is.  r^ay^abla  tl^^  the  line  CF  b  cqudi  ta 
AT,  wbid^  is  the  tangei^t  of  the  b^ht  of  the  pole.  To 
complete  the  deteimupataoo  of  the  proje^tioa  of  the  meriT 
diana,  it  is  sufficiept  to  £^4  a  third  pop^r-rjlere  is  a  me^ 
thod  to  find  that  element '. 
of  The  meridian  whose  pitaoe  is  pevpasdiontar  to  the  pirui* 
cipal  meridian  AB,  euta  ^e  hoirizoii  aecxMrdiiig.to.  (he  right; 
line  DE,  peipendicular  to  AB ;  tbevefore,  if  from  th^ 
point  I  as  centre^  ^nd  with  a  i»dius  TD,  we  describe  the 
arc  DP£,  this  arc  will  be  the  projection  ^of  the  meridian 
passing  through  the  longitude  of  100  df^peea,  new  mea^ 
sur^  or  00  ancieat  degrees,  couniting  from  the  principal 
meridian  AB.  The  prc^tion  of  the  eqw^tor  does  not 
pesent  more  difficulties ;  for  if  we  raise  the  difimeter  QQ^, 
perpendicularly  to  PF,  this  diameter  will  be  thi^t  of  the 
equator,  and  its  projection  fm  the  map  will  he  §jf.  -  Conr 
sequentlj,  if  from  the  middle  of  the  line  gf",  aa  centre,  a&4 


51/ 

with  a  radius  =  ^  or  equal  to  the  cosecant  cf  the  latitude 

pf  the  centre  of  the  map,  we  describe  the  aio  DjiB,  it  will 
be  the  projection  of  the  half  of  the  eqoatcor. '  We  miiet 
BOW  recollect  the  pvindple  on  which  ike  stereogfapUc  pro- 
jecttoos  of  two  great  circlea  of  the  qphere,  make  between 
them  the  same  anj^  as  the  real  planes  of  those  ciselea 
Henoe  is  derived  this  geometric  ooBstraction:  From  the 
point  jp  as  a  centre,  and  wiA  an  arbitnury  ladius^^-fvwithaB 
equal  radius,  for  example,  to  jiF,  let  lis  describe  a  circum!- 
ference,  and  divide  it  into  40  equal  parte,  setting  oft'ftom 
AB,  (i£  we  wish  to  trace,  as  befince,  only  40  meridians,)  and 
through  all  the  points  of  division  radii  must  he  Incoiigfat, 
whose  prolongations  will  meet  the  line  SS',  or  the  Hne  of 
the  centres  in  different  points  a/,  of ^9  &c.  These  points 
will  be  the  centres  of  the  projeetiona  of  the  meridians.  The 
practical  employment  of  this  procesa  being  often  toa  cmhav- 
rassing,  on  aooount  of  the  increasing  sice  of  th^  radius  B, 
we  may  determine,  by  the  means  we  are  goii^  |o  indicate^ 
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tbe  poipts  whave  tbe  mer>4i«lf  we#(  tb^  planes  of  pvvj^ 
Uoa. 

from  wy  poiiit  whftttvar  tatop  on  tb#  lii|^  A9»  ^  i|a  To  tnuse  th* 
pmloiigyiti0Q»  from  tb9  fxiut  F,  for  ewiwpi%  i^  l^WgJit^^J^ 

know  alietdy^  an  angle  oqual  to  tbe  btigbl  of  tjie  pole,  iuti4 
the  Imgth  Fk  is  currwd  from  F  to  A' ;  ihm  fyfm  th\s  ^^^ 
foint  as  centre,  and  with  a  xadia» «:  Fi^'i  ^r  witb  anj 
othev  radius  taken  at  pleasure,  J>ut  rather  large,  a  cmujBft- 
ferenoe  is  described,  which  is  likewise  divided  into  4)0  equal 
pnrts.  After  tlus,  secants  k  iiT,  V  ti",  If  nf'\  are  brougbft 
through  all  those  points^of  division ;  the  eilveimties  v!  ff\ 
»%  of  those  secants,  terminated  in  the  right  line  S6',  m$ 
on  the  very  traces  of  the  planes  of  the  meridians ;  d|fa.wiii|g 
therefore  right  lines^  whi^di  pass  through  t^e  cegl^e  pf  tbf 
map,  such  as  n'  Cy,  mf'  GV»  nf'  Cfif\  tbe  diameters  n'  (h\ 
fcc*  will  be  the  required  traces  of  tbe  meridians(  and  ^ 
moreover,  they  must  all  pass  through  the  pole  j?,  we  shai) 
have  diree  points  ci  each  meridian,  for  example,  ii"\  /,  i^''' ; 
the  meridians  therefore  will  be  earily  descarib^d  apoprdiiig 
to  j<me  of  the  processes  previously  indicated^ 

In  practice,  as  there  commonly  ^s  not  spape  fooiigh 
round  the  mq>  toperbrm  this  ouastruetioo,  ftMX)^^  pa 
die  jninciples  of  flescriptive  geometry,  Fft  v^  be  ^arri^ 
booL  F  to  jb^'  $  this  point  will  then  be  what  i^  fiaU^  ^ 
centre  divUor;  in  other  rpqpeots,  tbe  prooea^^^  fi^g  \ii^ 


Let  us  now  examine  how  parallels  to  the. equator  ib^:^ Tracing  of 
described.  Thttr  planes  being  pefrpendieular  tp  thp  prinr-^'*'^"^ 
cipal  meridian  AB,  we  shall  obtain  the  diameters  pf  t^w 
projections,  as  we  obtained  those  of  the  equatqr»  tt^t  is  to 
say,  after  having  divided  the  cincumferen^  «A3P^  into 
4fO  equal  parts,  setting  out  from  the  ppJDt  F,  Wfl  dr^w» 
two  and  two,  the  right  lines  (1)  £,  (!')  £ ;  m4.  tbe  ^ 
terval  w^  intercepted  between  these  right  lines,  iind  tajbfp 
on  the  meridian  AB,  will  be  the  diameter  lof  a  parallel,  In 
the  present,  the  parallel  vv''  belongs  evidently  to  the  80th 
degree  of  latitude,  since  the  arc  AP  measures  the  height 
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of  the  pole.     But  for  the  parallels  which  are  very  distant 

from  the  saperior  pole  p,  the  construction  ve  have  just  in- 

<ficated  can  no  longer  be  put  in  practice,  because  the  point 

V  would  then  be  too  far  from  the  centre  of  the  map.    To 

obviate  this  inconvenience,  we  may  trace  the  intersections 

of  the  planes  of  the  parallels,  with  the  plane  of  projection 

ADBE,    intersections   which  are  necessarily  paridlel   ta 

the  diameter  D£,  and  distant  from  it  by  a  sum  equal. 

rin.  lat  rf  the  parallel       -^m.      ,t_    i  ^-^  j    ■  .1 

1.  «•  t_. — TTTt T"-      When  the  latitude  is  southern. 

cos.  height  of  the  pole 

the  polep  being  the  northern  pole,  this  value  becomes  ne-* 
gative ;  and  instead  of  bringing  it  on  the  side  of  AC,  it  is 
brought  on  the  side  of  CB.  Thence  it  follows  that  if  at 
any  distance  whatever  from  the  right  line  DE,  (fig,  28.)  the 
parallel  line  de  \b  brought  to  it,  the  p(unts  d  and  e  com-, 
mon  to  that  parallel  and  to  the  drcmnference  ADBE,  will 
belong  to  the  required  parallel :  but  this  parallel  passes  at 
the  sanie  time  through  a  point  sudi  as  v  determined  by  the 
preceding  method ;  we  have  therefore  the  three  points  ne- 
cessary for  trading  a  circumference. 
There  are  other  methods  of  explaining  the  three  steieo* 
zeocnd^  graphic  projections',  but  we  prefer  indicating  in  a  few 
fM^Bcdim.  words  the  advantages  and  defects  of  this  sort  of  projection. 
It  is  sufficient  to  cast  one^s  eyes  on  a  map  of  this  kind,  to 
perceive  that  the  quadrilaterals  comprehended  between  two 
meridians  and  two  consecutive  parallels,  increase  in  extent  in 
going  from  the  centre  to  the  circumference.  This  increase 
results  from  the  obliquity  which  the  visual  rays  take,  on 
parting  from  an  axis  perpendicular  to  the  picture,  call- 
ed the  optical  aais.  It  follows  thence  that  the  re^ons 
placed  towards  the  borders  of  the  hemi^bere  have  a  much 
more  considerable  extent  than  if  they  were  at  the.centre^ 
and  that  we  are  led  into  error  whenever  we  compare 
them  with  those  which  o^upy  that  part.  For  exam- 
ple, the  point  of  austral  Afiica,  appears  much  broanler  thaijt 
pn  a  globe,  and  in  Nova  Zembla  the  distances,  south  ancji 

f  JL  Viuigondy,  Inadt  Geq^.  L  c. 
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Borth  are  rendered  by  spaces  much  larger  than  the  same 
distances  are  in  India*  This  inconvenience,  of  no  conse- 
quence to  learned  geographers,  may  lead  pupils  to  false 
idete;  but  this  risk  would  be  diminished,  if,  in  teaching,  care 
were  taken  to  explain  the  qualities  of  stereographic  projec- 
tions, and  to.  place  under  the  view  of  beginners  the  polar, 
equatorial,  and  horizontal  planispheres,  the  defects  of  one 
always  disappearing  in  the  other. 

The  stereographic  projecti(m  does  not  admit,  in  general,  Memm  of 
the  employment  of  a  rectilineal  scale  for  comparing  the  re-^  stereogim- 
qiective  distances  of  places,  which  are  measured  according  P^  ^°'^^ 
to  the  arc  of  a  great  circle,  joining  these  places:  but 
we  may  always,  by  means  of  the  graduation  itself,  mea- 
sure the  distance  between  the  centre  of  the  map,  and  any 
point  whatever,  and  consequently  we  may  know,  on  the 
horizontal  projection  relative  to  Paris,  for  example,  the 
distance  of  that  town  from  all  the  other  points  of  the 
globe.  This  property  results  from  this,  that  all  the  great 
circles  which  pass  through  the  centre  of  the  map,  cutting 
each  other  according  to  the  optical  axis,  have  for  perspec- 
tive, right  lines  drawn  through  that  centre,  and  admit 
of  a  graduation  similar  to  that  which  is  observed  on  the 
equator  of  maps  of  the  world,  constructed  on  the  plane  of 
the  meridian. 

If  we  wish  to  measure  the  distance  from  two  points  on  a 
stereographic  map,  we  may  (Fig.  24.)  make  use  of  the  fol- 
lowing construction^.  Let  Z  be  the  zenith  of  a  place,  C 
the  centre  of  the  horizon,  or  the  projection  of  Z  and  ZMB, 
XMB'  the  respective  verticals  of  the  two  points  MM'  given 
on  the  globe  by  their  longitudes  and  latitudes.  These 
points  will  have  evidently  for  perspectives  or  traces  mfn\ 
supposing  the  eye  in  E.  But  if  we  prolong  the  right  lines 
MM',  ntfi^y  they  will  meet  in  a  point  B,  and  the  right 
line  COR  will  mark  on  the  plane  of  projection  CBB',  the 
trace  of  the  plane  MCM'  of  the  great  circle  to  be  pro- 
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Jecfed.    Thferefelte  lihe  four  ptttttts  m\  m\  O,  0',  are  ott 
the  '^rojteciSon  df  the  great  titcle  wbieh  paste's  through 
»I?M';  thiis  thisr  |)rojectten,  whidi  isitself  a  ^rcle,  will  be 
eiitircfy  detenttined,    fPhls-bring  laid  ddivn,  we  may  trace 
the/Shortest  difetai&cfe  dtt  the'ttwp,  'In  th^foliowing  ^manner. 
Cari^  Cm  (Fig.^2».)  •  fr&m '  C  to  /»,  and  Om'  from  C  to  /t^^; 
'draw  the  '«gh f  fines  ^Bfm,  Ejm.'  /t' :   then  on  mmf  constrain 
the  triangle  mf  E'  w,  so  that'w E'  be  equal'to  fi.E,  ^nd  m' 
E'''tb  ^'  E;  ftt^t,  6n  the^ptoiongations  of  E'  m'  and  *Ew^, 
> draw  fm  (rtrn'm  to  n",  And >'  n'  from  ^' 4o  n'" ;  finally, 
tet  the-ebmmon  -secti&ta  R  «>f  the  two  right  lines  m'mmd 
W"  w"/l3e  det^rnnnea,  and  draw  the  right  line  RCO,  which 
ViU  be  the  trAce  reqtiir^fd.     We  may  now  trace  theiurc 
of  *  a  circle' Cy  m'  vmO,  of  wbich  the  portion  m'  v  w  is  the 
Shortest  distance.     The  number  of  degrees  contained  in 
the  shortest  distance,  will  be  ascertained  by  considering  the 
^    tight  line  n"'  w",  whidi  is  equal  to  MM'  (Fig,  24.  and  86.) 
ns^the  cord  of  the^cutnftrence  ADB. 
Origin  of       *l?he  stereographic  projection  was  not  known  to  the  an- 
the  stereo-  ^.'jgijts.     The  firsts  map  of  the  world  of  this  kind  is  ftmnd  in 
j^a^^'aVork  of  the  beginriing  6f  the  I6th  century,  by  the  Mine 
^^Wetner  of  Nurembeifg,  who  gave  the  first  indication  of 
the  method  of  lunar  distances  K     He  was  indebted  for  the 
idea  to  his  master,  StaUus  the  astronomer  \     The  use  of 
ithis  projection  appears  to  have  been  general  160  years  later. 
Varenius  marks  its  three  modifications.    Hesius^  a  Ger- 
man geographer,  who  lived  in  the  beginning  of  the  18th 
-fcenttiry, 'apphedstereographic  projections  to  special  maps. 
'This  iliethod,  laborious,  but  favourable  to  the  exactness  of 
oefeedetaas  of  position,  is  little  followed  in.  France,  where 
'the  i*»ei^aphic  I  projection  is  reserved  for  maps  of  the 

'Hrbrld. 
Orti,  \W&  fehalJ  now  proceed  to'  the  explanation  of  arikogra^ic 

pbk  pro.  -projeedonsf  which  might  also  be  caUed  jp2md^^  since  &eir 


jedMDs. 


t  J  Wemer»  de  quatuor  orbis  tenaram  figurationibuf,  ad  calcem.    Ftalo- 
msi  geograpfa*  lib.  i.  yen,  ab  eodem. 

k  Gomp.  Weidtet,  fitou  Astrou.  cap.  xiy.  flw.  S  and  4. 


princ^Md  pb)i?6t  is  to  sh^w  tbe.direct^imageof  the  half  of 
the  globe,  the  eye  being  supposed  at  an  infinite  distance, 
that  is  to  say,  great  enough  for  all  the  visual  rays  to  be 
reckoned  parallel.  As  these  rays  are  perpendicular  to  the 
plane  of  projeetion^.while  the  lateral  parts  of  the  sphere  pre- 
sent themselyes  more  and  more  obliquely  to  this  same  plane, 
it  is  easy  to.perceive,  even  without  demonstration,  .that  this 
projection,  offering  the  contrary  defect  of  the  stereographio, 
makes  the  .space  diminish  from  the  centre  to  the  drcunv- 
ference.  This  diminution,  which  is  infinitely  greater  than 
that  reaiarked  in  the  preceding  projection,  gives  to  the  ex- 
tremities of  a  planisphere  orthographically  projected,  an  as- 
pect, top  much  disfigured  .to  fulfil,  in  general,  any  of  the 
ptjl^ets  proponed  by  ^epgcaphy.  This  is  a  suflElcient  reason 
for  indicatipg  here  pnjy  very  briefly  what  regards  ortho- 
graphic constructiws. 

Figure  iS6,  indicates  the  polar  projection.  The  lines  AB  fo^  pJ»- 
jand  CD,  are  two  meridians  which  cut  each  other  at  right  ^*^**^*^ 
angles  in.E,  which  is  the  projection  of  the  pole,  and  the 
centre  of  the  map.  .The  circumference  ABCD  is  the  equa- 
tor, on  the  plane  of  whiph  the  xnap  is  projected.  This  circum- 
ference is  divided  into  equal  par(s,  from.  10  degrees  to  10,  or 
bom  5  to  5  ;  the  diameters  which  pass  through  the  points 
n'  a!' 9  V  V\  &c.  and.  by  the  centre  E  will  be  the  meridians. 
Let  fall  from  the  points  d  Vj  &c.  perpendiculars  on  the  dia- 
meter CD;  they  will  determine  the  radii  £  1,  E  3,  &c.  with 
which  you  will  describe  the  circles  parallel  to  the  equator. 

In  the  projection  on  a  meridian,  the  process  is  constructed  Equatorial 
in  the  following  manner.  Draw  the  lines  AB  and  CD  (F4g. 
27»)  cutting  each  other  at  right  angles;  one  will  be  thci  meri- 
dian of  the  middle,  the  other  the  equator.  Their  intersection 
•£  is.  the  centre  of  the  plane  of  projection,  circumscribed 
by  the  meridian  ABCD.  This  circumference  must  be 
divided  into  equal  parts,  then  unite  the  points  of  divi^ 
.rion, .  the  diameters  a'  d\  V  V\  &c.  will  be  the  common 
sections  of  the  meridians,  with  the  plane  of  the  equator. 
.The  angles  a!  ED,  &c.  will  mark  the  indination  of  these 
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meridians  on  the  plane  of  projection.  Now  let  down  from 
the  pdnts  d  b\  &c.  on  the  radius  ED,  the  perpendiculars 
d  \^1/2jtscc,  which  will  be  the  sines  of  the  angles  of  in- 
clination of  those  meridians  measured  on  the  equator ;  the 
parts  E  1,  E  2,  &c.  will  be  the  versed  sines  of  those  in- 
clinations, and  consequently  the  lesser  axes  of  the  ellipses, 
which  are  to  represent  the  meridians.  The  line  AB,  the  pro- 
jection  of  the  axis  of  the  globe,  is  the  greater  axis  of  those 
ellipses.  The  parallels  to  the  equator  are  very  simply  traced ; 
it  is  only  necessary  to  join  by  a  right  line  the  points  of  divi-. 
sion  of  the  circle  ABCD,  equidistant  from  the  diameter  CD, 
and  which  are  on  the  same  side.  This  diameter  being  the 
projection  of  the  equator,  the  cords  a!  (1),  V  (8),  and  others 
parallel  to  it,  will  be  the  projections  of  the  parallel  circles. 
-  The  inspection  of  the  figure  shows  the  inconveniences  of 
this  projection ;  namely,  the  extreme  narrowing  of  the  late- 
ral  parts,  and  the  obliquity,  always  increasing,  of  the  angle 
under  which  the  parallels  cut  the  meridians.  Nevertheless  it 
is  at  the  same  time  evident,  that  such  a  planisphere  presents 
a  more  striking  image  of  a  spherical  body  than  a  stereogra- 
phic  planisphere  does ;  thus  beginners,  who  cannot  always 
study  on  a  globe,  by  using  from  time  to  time  a  map  pro- 
jected orthographically,  might  perhaps  imbibe  more  pro- 
foundly  the  idea  of  the  sphericity  of  the  earth.  This  ad- 
vantage is  still  more  sensible  in  the  horizontal  orthographic 
projection  of  which  we  are  going  to  treat 

The  meridians,  in  this  projection,  are  ellipses,  the'greater 
projection  axes  of  which  coincide  with  the  traces  themselves  of  the 
and  tracing  i^jjgg  of  these  meridians.     These  traces  are  determined  bv 

ot  toe  men-  *  i      i  i  i  •      - 

dians.  the  same  methods  as  those  we  have  indicated  for  the  stereo- 
graphic  horizontal  projection.  It  only  remains  therefore  to 
show  how  the  smaller  axes  are  obtained.  Let  (Fig.  ^8.)  the 
angle  DCP  be  equal  to  the  height  of  the  pole ;  let  more- 
over m"  yl'  be  the  trace  of  a  meridian,  and  DE  the  projec- 
.tion  of  the  principal  meridian.  To  have  the  orthographic 
projection  of  the  raised  pole  F,  let  fall  on  CD  the  perpen- 
dicular Vpi  and  you  will  have  the  point  P.     Now,  to  have 
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the  angle  which  the  plane  of  the  meridian  fu"  pm"  miikes  with 
that  of  the  picture,  or  with  the  horizontal  plane,  we  let  down 
from  the  point  p  the  right  line  R  perpendicular  on  [a"  n"  ; 
p  R'  13  made  equal  to  p  R,  and  the  right  line  R'  P  is 
drawn,  which  forms  with  DE  the  angle  required.     The 
trigonometric  relations  of  this  angle,   and  of  its  cosine, 
then  give  this  geometric  construction :  Draw  C  n  parallel 
to  R^  P,  and  from  the  point  n  the  right  line  ni  parallel  to 
Pjp  ;  describe  from  the  point  C  with  a  radius  equal  to  C  t^ 
an  arc  tn\  terminated  at  the  meeting  of  C  n',  drawn  per- 
pendicularly to  tlie  trace  or  to  the  greater  axis  fif'  m" ;  then 
the  line  Cnx  will  be  the  orthograde  projection  of  the  ra- 
dius  Cn,  or  the  smaller  axis  required.    We  have  then 
only  to  describe  the  ellipsis^  the  two  axes  of  which  are 
^ven. 

The  projection  of  the  parallels,  abstracting  from'the  cal-  Projection 
oulations  which  serve  as  its  foundation,  may  be  effected  in^j^^P"^' 
the  following  manner.  Supposing  it  is  wished  to  project 
the  parallel,  the  distance  of  which  from  the  raised  pole  is 
measured  by  the  arc  P  A  or  P  a.  From  the  points  a  and 
h  are  let  fall  oA  the  principal  meridian  DE,  the  perpen- 
diculars CLof  bVy  and  the  line  a'  V  will  be  the  smaller  axis  of 
projection  of  the  parallel  to  be  described.  To  find  the  greater 
axis,  the  cord  ab  is  divided  into  an  even  number  of  equal 
parts;  on  DE  are  sought  the  projections  of  all  the  points 
of  division,  as  has  been  done  for  the  points  a  and  b ;  then, 
after  having  drawn  through  those  same  points  ordinates  ^ 
into  the  semicircle  aicby  they  will  carry  the  lengths  of  the 
first,  on  the  correspondent  ordinates  of  the  ellipsis  to  be 
traced ;  by  this  means  the  principal  points  of  this  ellipsis 
are  obtained,  and  the  ordinate  of  the  middle  yk  will  be 
the  semi-great  axisy  of  riequired. 

Besides  the  orthographic  and  stereographic  projection.  Central 
there  is  a  third  projection  in  perspective  called  central.     ItP'^^J®*^*^* 


^  An  ordinate  is  a  right  line  drawn  from  a  point  of  the  cugve  to  another  fixe4 
line,  whidi  makes  with  the  latter  a  determined  angle. 
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is  obtain^' by  pladng^^  the  point'  oF  view  at  th^  centre  of  the 
sphere,  and  taking  foi-  picture  a  plane  tangent  to  its  sur- 
face,   it  ninould  be  useless  to  demonstbfate  how,  in  this  case, 
thb  processes  must  be  niodified  which  we  have  given  above 
to  construct  the  equatorial,  polar,  and  horizontal  •projecr 
tioris ;  frotn  the  point  C  of  the  figures  19 — 21,  previously 
cited,  we  must  df aw  the  visual  rays  which  determine  the 
section  made  by  the  plane  of  the  j^ctuie  in  the  cones 
perpendicularly  to  the  dix;Ies  to  be  represented ;  we  must 
take  the  picture  parallel  to  that  which  passes  through  the 
cent'i^  and  tangent  to  the  cirele  AI>BE.     We  then  see 
that,  in  the  projection  oh  the  plane  of  the  first  meridian,  the 
meridians  will  be  right  lines  perpendicular  to  the  equator, 
which'  itself  will  be  a  right  line ;  the  parallels  to  the  equa- 
tor will  be  hyperbolas.     In  the  polar  projection  the  meridi- 
ans will  be  ri^ht  lines  drawn  from  the  centre  of  the  map ; 
the  parallels  t6  the  equator,  circles  having  thei^  centre  at 
that  p<nnt ;   and  in  the  horizontal  projections,  the  meri- 
dians will  be  rijght  lineS  diawn  through  the  pitojection  of 
the  superior  pole.     The  pardlel  of  the  plac^  to  which  the 
projection  relates  will  be  represented  by  a  parabda ;  those 
ibat  are  nearer  the  pole  by  ellipses ;  and  the  others  on  each 
fide  of  the  equator,  by  hyperbolas.     It  is  plain  that  thicr 
projection  alters  still  more  thab  the  stere6graphic,  the  ex«« 
tent  of  regions,  in  propartiott  afs  th^  we  remOVed  iiom  the 
centre  of  the  map.     It  can  never  repi^eserit  an  entire  h6. 
Broperties  misphef  e,  because  the  vismil  rays,  bro^ht  by  the  cireumfe- 
J^j^P*' rente  which  t^rmifnates  this  hemisphere,  sbte  indefinite,  be- 
ing parallel  to  the  plane  of  the  picture ;  it  may  however  be 
employed  with  advant^e  to  retrace  parts  of  the  ^obb^  liie 
extent  of  which  may  not  be  very  considerable ;  for,  in  this 
projection,  all  the  places  fitimted  on  the  same  great  t^^ 
de,   are  placed  on  the  niap  oh  a  right  line™;  it  is  sus- 
ceptible  of  a  sort  of  scale,  the  construction  of  which  is  not 
difficult  to  find.     It  was  undoubtedly  for  this  reason  that 

n  Lagnuige»  Mem.  sur  leg  Caztes  Gdographi^ues^  dana  les  Mem.  de  Ber- 
IiD,17T9,p.l6«. 


M.  Fronjr  thought  of  using  it  inthema^jcf  tJ^QsuowifiOfi 
Fraooe.  TUs  projection,  aliBQ«ti  uj^knowA  i»  gPQgsapby^  isi 
employed  for  sun-dials. 

Such  are  the  tbree  pniicipaLpi!QJArtioi>QO&th#^obe>«iiibh  Faults  of 
the  rujpa  of  perfipective  admit.    Wq  fite^  tbat^nont  ofi  thf^jjjj^*^ 
plamsph^jies.  traced  after  these  prqfctioas.  nmtf»  aiL  tlw^ 
qaalijies  of  &  perfect  representation  of  the  globe ;  they  bo* 
cessarily  alter  the  figure  of  countries,  either  in  the  midck 
or  towards  the  borders  of  each  hemiqpbexe;.  thegr.do  not  re- 
present spacea  seailDT  equal  under  equals  dimenaionai;  and) 
the  same  takea  place  &r  most  of  the  d)8taooe&     It  i$  noo 
possible  neither,  to  obtain,  eithev  in  tJie  stoMographic  on  or* 
tfaographio  projection,  that  plaoea  ^l^uated  iji  a  right  lino 
on  the  globe,  that  is  to  say,  0D.a  same  great  oincle,  silottld:!^ 
equally  represented  in  tfaa  map  of  die  ybokH  on  aog^ 
line,     FinaMy,  the  inequality  necessa^.  in  tbe.projectba  c^ 
spaces  does  not  allow  us  to.  find  wilib  ease  the  exact  longitude 
and  latitude  of  a  place.    Different  means  for  modifying  the 
stereographio  pwjeotiop.haive!:  in.  v^jB:  bgei^  pc^ppsg^.  WAh*  a 
yVdw  to  remedy  these  iacoj)venieQ^B»  The.  leaxsied  astrooo.  Modifica. 
mer  De  Lahire^  proposed  that  the  eye  of  the  spectator  should  ''*"^^■ 
be  supposed  out  of  the  globe,  and  distant  from  its  convex  l^ahke  «ad 
surface  by  the  amount  of  the  sine  of  46  degrees ;  that  is  to  ^"*"*" 
say,  that  the  meridian  BD,  Fig.  29,  being  q(  200  parts,  it 
must  be  prolonged  out  of  the  circle  ABCD  by  70  parts, 
and  then  from  the  point  F,  should  be  drawn  the  right  lines 
Fa,  F  6,  &c.  whose  intersection  with  the  diameter  A£  would 
determine  the  small  axis  C  ^,  C^,  &c.  of  the  ellipses  which 
represent  the  meridians.     The  geometer  Parent  observed 
that,  in  this  projection,  the  radius  of  the  meridian,  distant  by 
46  degrees  from  the  principal  meridian,  cuts  in  reality  the  se- 
mi-diameter into  two  equal  portions,  but  that  it  may  still 
be  asked  at  what  distance  the  eye  must  be  placed  that  all  the 
inequalities  between  the  divisions  of  the  semi-diameter  should 
be  die  least  possible ;  he  found  that  if  BD  is  equal  to  £00 
parts,  the  point  of  view  must  be  taken  at  a  distance  of  69.^ ; 

*  Hist,  de  lei  Acsd.  des  Sciences,  1701,  p.  97. 
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but  it  must  be  placed  at  110}  if  we  wish  the  zones  of  the 
hemisphere  to  occupy  respectively  a  space  proportioned  to 
that  which  they  occupy  on  the  globe. 

Thus,  these  sorts  of  modified  stereographic  prqectioDs, 
beades  losing  the  advantage  of  presenting  the  meridiaps  and 
parallels  cutting  each  other  at  right  angles,  cannot  preserve 
at  the  same  time  the  equality  of  spaces  and  of  configurar- 
tions. 

It  is  a  truth  generally  admitted,  that  all  the  conditions 
of  a  perfect  representation  of  the  terrestrial  surface  can 
only  be  united  in  the  case  of  the  earth^s  being  a  cone  or 
cylinder,  or  in  short,  any  body  whatever  of  ample  curva* 
ture  ".  If  therefore  we  can  find  a  body  of  this  nature,  which 
approaches  nearly  to  the  spheroid,  we  may  substitute  its 
surface  for  that  of  the  latter,  and  obtain  representations 
which  will  answer  one  or  other  condition  of  a  faithful  pic* 
ture.— This  we  shall  explain  in  the  fiillowing  Book. 


«>^  Lambert,  Mem.  tur  ks  Matfa^m.  Mixtei,  iii.  p.  105.  (eo  AD.)    £uler> 
JIcfQ.  «iir  lei  jSoUdef  divdappablcs,  dam  lea  Novi  Commeat.  Fetiopol  xyL  2^ 
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BOOK  V. 

Cantmuafion  qftJie  Theory  of  Geography.     OfGeogrtu 
phic  and  Hydrographic  Maps  by  Conic  and  Cylindric 

devehprnent     Of  Pryectixms  by  Proportional  Parts. 

Among  all  bodies  which  can  be  exactly  retraced  on  a 
plane,  the  cone  and  cylinder  have  the  most  affinity  with  the 
sphere ;  the  cone  especially  oiFers  the  advantage,  that  a  small 
conic  zone  hardly  differs  at  all  from  a  spheric  zpne.  Hence 
it  is  conic  developments  that  afford  the  best  projections  of 
special  geographical  maps,  and  even  by  the  help  of  some 
modifications  for  considerable  parts  of  the  globe.  We  shall 
therefore  begin  by  the  explanation  of  this  sort  of  maps. 

In  the  purely  conic  projection,  a  spherical  zone  is  consi- 
dered as  confounding  itself  with  the  surface  of  a  truncated  Simple 
cone  which  is  tangent  to  it.  If  this  surface  be  developed,  ^^J^ 
the  parallels  become  right  circles  of  the  summit  of  the  cone, 
taken  for  centre ;  the  meridians  are  right  lines  which  all 
pass  through  this  same  point,  and  direct  themselves  towards 
the  base  of  the  cone.  In  order  to  fix  our  ideas  better  in 
this  respect,  let  us  have  recourse  to  Fig.  SO.  Let  PC  be  the 
radius  of  the  sphere,  M  a  place  situated  at  the  latitude  EM, 
and  OM  the  co-tangent  of  that  latitude.  The  development 
of  the  mean  parallel  has  for  radius  the  co-tangent  of  its 
latitude^  and  for  amplitude  the  arc  equal  to  the  circumfe- 
rence of  which  MR  is  the  radius. 

'  From  the  point  O,  taken  for  centre,  and  with  the  radius 
OM,  we  describe  an  indefinite  arc  NN',  and  taking  OG 
for  the  meridian  of  the  middle  of  the  map,  we  make 
the  angle  NOM  equal  to  the  half  of  the  number  of 
grades  contained  in  the  mean  parallel.  Let  us  suppose, 
for  example,  that  this  parallel  comprehends  23  degrees  on 
the  globe,  and  that  the  difference  in  latitude  of  the  extreme 
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parallels  is  30  degrees^  the  mean  parallel  will  have  on  the 

map  a  number  of  degrees  expressed  by  j^ioi  ^^  degrees. 

Such  is  the  amplitude  of  this  arc,  since  the  numbers  of  de- 
grees contained  in  two  arcs  of  the  same  length  are  to  each 
other  as  their  radii.     Thus  the  angle  HON  being  equal  to 

MR  26® 

"n\f  9^ '  ^^  ^  evident  that  the  projections  of  the  meridians 

will  make  between  them  angles  less  than  on  the  globe,  since 
MO  is  always  greater  than  MB.  Consequently,  the  paral- 
lels of  the  map,  both  the  superior  and  infi^or  to  the  mean 
parallel,  will  ei^ceed  those  of  the  globe  of  which  tbey  ace 
the  projections ;  and  the  more  the  map  is  extended  in  the 
direction  of  the  latitudes,  the  more  the  two  extremities  will 
present  an  inexact  proportion.  To  mark  in  the  projec- 
tion these  extreme  parallels,  two  parts  M  a  and  M  d,  equal 
to  the  half  of  the  difference  of  latitude  of  the  extreme  paral- 
lels, are  taken  on  the  axis  of  the  map  OG;  foir  example,  at  15 
degrees  in  the  proposed  case.  These  parallela  are  th^n  re- 
presented by  the  arcs  USy  and  ££';  and  to  concLgd?, 
the  meridian  of  the  middle  and  the  mean  pai^Ul  are  di- 
vided into  equal  parts,  which  give  the  graduatmn  of  the 
map. 
Modifies-  The  faults  of  this  projectdon  are  the  not  preserving  equal* 
^^  /  ity  between  the  spaces^  and  only  giving  true  distanices  m 
lection.  the  direction  of  the  meridians;  To  remedy  tbis^  two*  me^OH 
have  been  tried ;  one  conasts  in  takings  instead  of  the^coae 
tangent,  a  cone  inscribed  in  totality  or  in  part ;  the  ollif  i^  ia 
to  alter  the  rectilinear  projection  of  the  meridians* 

I^  in  place  of  the  arc  ab.  Fig,  31.  we  take  the  eord 
which  subtends  it  for  the  side  of  the  cone  to  be  developed, 
tlie  radii  of  tibe  projections  of  the  extreme  parallejn  woidd 
be  AO  and  BO,  and  the  respective  position  of  the  poiots 
placed  on  the  map  would  be  in  reality  on  these  paraJUiels; 
but  those  whidi  would  be  between  the  pavaUek  would  by 
no  means  preserve  their  true  positions.  This  method  is 
good  ther^ore  only  for  a  zone  of  little  brei^dth« 
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The  astnonoiiier  Be  Vhie  de  la  Cnrpera;  wha  was  esm^^Vw^ee&m 
ployed  to  construct  a  geaendf  laap  of  the  empire  of  Russia^  ^^^^ 
-vAid^  traced  sbereograpUcallyv  would  present  skocknig  de-o^. 
formities,  made  di(Ac9  ^  the  conical  ptcgedtioti ;  but,  to  hki^ 
jtove  it^  he  nlaide  tlis  cone  entei^  into  the .  sphere,  sq 
that  it  cut  it  according'  to  two  paraUelK  placed  ^cb  at 
ab  equal  distance  from  liie  misan  ]^nrildv  and  frbm.  oh& 
of  the  two  extremis  pai^els.     The  map^  by  this  meam^ 
had,  on  the  two  parallels  just  mentioned,  the  same  dimeif^ 
^bn  as  the  con^esponding  part  of  the  globe ;  and  it^  total 
extent  differed  but  little  fi^om  l^t  6t  the  country  iiti  Was  td 
ilepresent,  because*  the  excess;  which  wa^  aur  the  tw«  e^^ 
tremities  of  the  m^p,  Was  at  least  coinpensared  in  pa»t  b^ 
the  deficieniey  wMeh  the  iflscribed'  porfiotf  of  the  cone  hsii 
witfi  respect  to  the  spherical  acne.  The  Bdapcdfiiprising  fttMM 
&e  40th  degtet  of  latitude  to  the  70tl^,  the  Afeati^  patallel 
^swered  to  55%  the  parallels  cemmon  wkh  the  ^ere  were 
those  of  4T*  S(K,  and  6T  3ff.    This  pnegectien  pfe^entt 
many  advantages  for  general  maps  6f  cotosi^raMe  extent^ 
and  the  principal  object  of  which  ia^  tb  shc^w  the  totafity  of 
a  vast  empire  ■. 

The  celebrated  Euler  made  profound  researches  ou  this  Metbod 
method  of  projection ;  he  substituted  Ibr  the  dcteraniiation^^^^ 
of  the  parallels  which  should  be  common  ^h  the  sphere, 
that  of  the  point  of  concourse  of  the  right  lines  which  re- 
present the  meridians,  and  of  the  angle  which  they  mahe 
between  them  when  they  colkfpnheBd  a  degree  of  longt* 
tude.     Ks  calculationi^  I'est  orf  the  following  conditions : 
Igtf  That  the  errors  should  be  equal  at  the  south  and  north 
extremities  of  the  map.  ^,  That  they  should  also  be  equal 
to  the  greatest  of  thi»e  thai  take  place  towards  the  meaa 
parallel  of  the  map.    H^  hence  concludes  that  the  pdnt  of 
poncourse  of  the  meridians  should  be  placed  beyond  the 
pole  by  a  quantity  equal  to  5^  of  latitude,  and  that  the 
angle  of  two  consecutive  meridians  should  be  4/9  44''.    He 
then  investigates  by  how  much  the   arcs   of    Ibe  great 

•  Mayer,  Intiod.  k  U  Constnictkn  dei  Canes,  §  31,  33. 
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drcles  which  measure  the  distances  on  the  globe,  differ  from 
the  right  lines  substituted  for  them  in  maps ;  and  he  finds 
that  an  arc  of  00^  would  have  oa  the  map  a  length  of 
9(f  19^9  exact  by  less  than  near  a  hundredth  \ 
Fiojediaos  Murdoch,  an  EngUsh  geometer,  proposed  three  different 
^^^™'  methods  for  rendering  the  conical  projection  more  conform- 
able to  the  conditions  of  a  good  map  ^  This  philosopher 
having  expluned  himself  in  a  laconic  manner,  his  projec- 
tions have  been  less  appredated  by  thdr  real  merit  than 
they  have  been  extolled  or  blamed  without  proof.  We  are 
indebted  for  a  critical  explanadon  of  them  to  the  researches 
of  two  Grerman  geometers^.  We  should  dev^Ue  &om 
our  general  method  of  not  entering  into  abstract  mathe- 
matical discusdon,  if  we  gave  a  complete  idea  of  all  the 
rules  of  these  projections.  The  first  presents  two  pa^ 
rallels  perfectly  similar  to  those  of  the  sphere,  and  a  conical 
surface  equal  in  its  totality  to  the  spherical  surface,  but  it 
narrows  the  distances  towards  the  middle,  and  enlarges  them 
at  the  extremities ;  the  spaces  even  are  not  equal  in  divid- 
ing the  map  by  two  or  several  zones  ^    This  projection  of- 


^  Euler,  Acts  Acad.  FetiopoL  t  jk  1. 

«  FfaaoB.  Train,  vol.  Im  Fart  iL  p.  55i,  et  ieq. 

^  Mayer.  iDtrod.  p.  2989  311.    Albczs  dans  Zach.  Conespond.  Astroo^ 
XL  98—114,  240—250. 

e  u  Xu  Pig.  32,  let  C  be  the  centre  of  the  earth,  Q  a  point  of  the  equator, 
P  one  of  the  poles,  QMP  a  meridian,  A  and  B  the  points  of  intersection  of 
two  paraHels.  IjCt  us  siqppose  that  QA  =r  a  t^.lOP  of  lat  (ancient  measure) 
and  QB  =  ^  =  10".  Q^d  =^=si  =(a-!-^>  willbe=?:  40<'.  Now  the  zone 
cf  the  sphere,  limited  by  A  and  B.  must  be  represented  on  a  conical  surface 
equal  in  extent  to  the  spherical  zone,  and  so  that  the  breadth  of  the  spherical 
zone  be  equal  to  the  arc  BA.  In  other  teiins,'the  quadrilateral  NO,  o  n  is  re- 
quired, which,  turning  round  the  axis  o  19,  will  describe  a  conical  surface  equal 
to  the  spherical  toifkce  described  by  the  rerolntion  of  the  segment  BA*  a  &»  so 
that  NO  in  the  cone  remains  equal  to  the  arc  BA.*' 

We  see  that  the  line  NO  cuts  the  arc  AB  in  the  two  points  i  and  »,  which 
are  determined  by  the  angles  £CM,  and  ^CM,  the  sum  of  whidi  is  equal 
each  to  ).    If  we  take  the  radius  of  the  pphere  =  57,29577  degrees  =  ^,  w^ 

■hall  find  cos  3  =  .--r-^ — ^  •   . 

i  (0— ^). 

'^  We  thej^ce  conclude  Kp  =  Ri  the  semi-diameter  of  the  projection  in  de- 
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fers,  nevertheless,  a  representation  sensibly  faithful,  when 
the  application  is  made  only  to  zones  of  8  or  10  degrees 
of  latitude.  The  object  of  the  second  projection  of  Muiv 
doch  is  to  obtEun  the  exactness  of  the  perspective,  by  jJac* 


grees  of  Udtade  R=  Kp  =:  g.  co-tang,  ^,  cos. );  or,  if  we  suppoM  ^.  15  =£=  r. 
In  geographical  miles  R  =i  r.  cot  ^,  coe.  ).*' 

'^  In  the  example  given,  we  shall  have^=  17°  16'^  consequently*  =^, 
+  J=r40o+17»  16*=:57»  16',  and  f  =  ^«— J=:40o—  17«>  16'=r5  22« 
44/,  finally  R  =  978,1  geographicd  miles.** 

«  As  besides  KO  =  MA  =:  30«  =  39.15  :=  450  geognphical  miled, 
and  KN  =  Mfi  =  30o  =  30.15  =£=  450  g.  m.  we  know  the  two  extreme 
circles  of  the  conical  zone  by  their  semi-diameters,  namely :  pO  =3  R.*. 
£0  =  978,1—450  =  538, 1  geogr.  mUet,  and  i>N  =  R  +  &N  =  978,1 
+  450  =  1438,1  geog.  miles.*' 

'*  Fig.  33  represents  a  projection  conformable  to  these  dat»,  and  compre- 
hending 110  degrees;  bat  as  yet  we  only  know  the  semi-dtameters  for  the 
latitudes  of  10(>  =  j^N,  of  40  =  R,  and  of  70°  =  jO.  It  is  evident  that 
the  two  triangles  jyA:K,  and  CFM  are  alike,  since  the  angles  k  and  F  are  both 
=  90<>,  and  the  angle  p  =  MCF  =r  90o— MCp.  From  this  is  easily 
drawn  the  proportion  CM  :  MF  =  |iK  t  Kk  and  as  CM  =  to  the  total  si- 
nus =:  1  and  MF=i=:  tin,  fiy  we  sludl  substitute  for^K  «ny  geographical  lon- 
gitude whatever^  for  which  we  choose  to  calculate  the  angle  Sp  W  x=  x,  and .  to 
Kkt  the  angle  requiied  S^W,  we  shall  have  the  proportion  1:  #i».  ft  =  a^  SpW 
that  is  to  say :  ^pW  =r  A.  tin,  fu 

«  In  our  map,  which  should  comprehend  110  degrees  of  lon^tiide,  the  angle 
SjpWwiUbessllO.an.^    Therefore, 

Log.  X  =  log.  1 10  =  2,0413927  :  .Js^^ 

+  Log.  sin.  fa  =  log.  sin.  40«'=  9,808Q675  —  10 

Log.  SpW  1,8494602  =  log.  70,7066 
and,  consequently,  the  angle  S  jp  W  =  70®  42',  since  there  is  no  inconvenience 
in  regulating  the  0,0066  which  make  24^ 

"  Now,  the  angle  S/?  W  on  the  ardi  8W  is  divided  into  11  equal  parts,  and 
1^  that  are  determined  the  meridians  of  the  map  from  1C°  to  10^*'  (Albers 
loc.  cit) 

This  author  afterwards  shows  how,  taking  a  principal  meridian  t  U  one  may 
calculate  the  points  of  intersectian  of  all  the  meridians  with  the  extreme  paral- 
lels. 

He  afterwards  gi^es,  for  the  fleterminaOon  of  the  ronaining  paralleb,  the 
foQowing  method,  oonfimnable  to  the  conditions  which  Murdoch  imposed  on 
himself.  «K  »i8  =  K^  In  thetiiang^e  CK  »^  which  is  rectangular  in 
K,  the  side  K  »  =  r  sin.  KC  »  s=  r  sin.  % ;  and  in  like  manner  in  the  tri«ii|^e 
CK  ^,  the  side  £  {  =  r.  sin.  I.  For  our  map  we  dball  have 
I^ rz=z\o^ (57,29 ...  x  15) = log.  859,4366  a=  2,9342139 

+  Log,  tin.  2  =;log.  sin.  W  \&  =s  9,47249^2 «-« 10 

Log.  S /»  s»  log.  K  ;  =s  2|4007061  =s  log.255,1 


iag\theieye  iin  thecenlre  tif^the^obeas  mtbe  ^senlfal  j»ro^ 
jection.;  but,  far  tbis.c^dition  to  be  fulfilled,  it  i3  neces- 
jiary  that  I  the  joiap  should  be  .folded  in  a  conical  form,  like 

Conic        *the  celestial  cmighbia^  published  in  Germany  by  Funk. 

globes.  »j'ijjg  latter  projection  is  susceptible  of  an  increasing  scale, 
like  the  hydrographic  maps  of  Mercator,  of  which  we  3hall 
speak  hereafter.  The  third  projection  of  Murdoch  seems 
to  efier  nothing  advantageous. 

However  ingenious  the  modifications  may  be  by  which 
it  has  been  attempted  to  perfect  the  conical  projection,  it  is 
evident,  that  Uiey  ^iend  to  .make  it  lose  its  primitive  sim- 
plici^  and  facility  widiout  obtaining  completely  the  ad- 
vantages proposed.  In  the  projections  after  Murdoch  and 
Euler,  there  is  always  some  part  of  the  map  where  the  spa^ 
cesarea  little  too  large  or  a  little  too  small ;  the  errors,  cm 
the  distances,  in  Murdoch'^s  first  projection,  may  go  to  ^f 

i^Ibers's     It  is  true  that  this  projection,  corrected  by  Albers,  o^ers 

projection,  g^^jj  proportions,  that  in  the  smallest  square,  circumscrib- 
ed by  two  paralidis  aad  two  meridians,  the  defects  of  mor^ 
or  less  destroy  each  other,  so  that  the  spaces  are  every  wbeie 
in  the  just  proportion ;  nevertheless  the  distances  taken  in 
the  direct  sense  of  the  four  cardinal  poiots,  are  not  found 
exactly,  and  the  configuration  of  the  couotriesis  altered  in 
those  same  directions. 

Geographers  have  therefore  sought,  for  their  special 
maps,  more  commodious  projecUons,  and  which  only  refer 
very  indirectly  to  the  development  of  any  r^ular  figure 
whatever. 

<«  It  is  sufficient,^  says  an  illustrious  geometer,  "  for  the 
mathematical  exactness  of  a  map  that  the  parallels  and  me- 

Therefore  K  » :^  K^  =  2d5,l  geogr.  miles,  whence  we  easily  conclude  jp  » 

But MuBdoch is jatisfied  with  tracing ^e  punlleUhf  ^^yiding  TS  or YW^ 
i:Fig»;33*i]ito  equal  fintts  ^  an  irregular  pioeese,  contraI3^io  iiht  conditions  of  the 
il^winlriii,  mill  which* nevertheless  dimilikhe»-the  faidta-of  th» map.  * M.  Albers 
discoTcred  a  geometricalJaw  for  tracing  parallels  so  as  to  render^the  spaces  more 
conformable  fo  those  of  ^^^  sphere.  -See-tiie  comj^e  memoit.  of  Albirs  in 
Tol.  3tit.«f  the  (Aiumls  of  Voyages  and  of  Geography* 
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ridians  be  traced  after  any  constant  geometrical  law  what- 
ever ^.^  One  may  imagine  therefore  a  great  number  of 
projections,  among  whidh  it  will  suffice  to  notiee  a  few. 

The  first  method  proposed  by  Ptolemy  for  drawing  the  Fint  m^ 
world,  as  known  in  his  time*  is  an  alteration  of  the  conical  S*^  °^ 

Ptolemy* 

projection,  nearly  the  same  as  the  method  of  Dettlle^.  He 
places  the  eye  in  the  plane  of  a&y  meridian  whatever  of 
the  hemisphere  containing  the  known  world,  and  on  the  pro* 
longation  of  the  radius  of  the  sphere  which  cuts  that  meri- 
dian at  46**'lat.  N.  He  afterwards  makes  "  the  globe  turn 
so  that  the  meridians  present  themselves  successively  to  the 
eye  as  right  lines  uniling  at  the  pole,  and  the  parallels  show 
themselves  as  arcs  of  a  circle  having  their  convex  part 
towards  the  south.^  These  words  prove  that  there  is  no 
question  whatever  of  a  stereographic  perspeetive ;  the  po- 
ation  of  the  eye  is  only  indicated  to  demonstrate  the  pos. 
ability  of  seeing  the  meridians  projected  by  a  right 
line.  The  relations  of  the  arcs  of  the  parall^s  in  diis 
projection  (Fig.  34.)  are  determined  after  an  arbitrary  scale, 
the  result  of  which  is  to  render  the  arc  of  the  meridian 
PP  z=  40,000  stadia,  exactly  proportioned  to  the  arc  of 
parallel  of  lat.  of  Rhodes  HKL  =  72,000  stadia.  The 
parallel  of  lat.  of  Thule  OPQ  and  the  equator  RST,  have 
also  between  them  the  same  proportion  as  on  the  globe ; 
but  they  are  too  great  compared  to  HEX.  As  Ptolemy 
extended  the  known  world  to  16i  degrees  south  of  the 
equator,  he  traces  at  this  latitude  the  antiparMel  ef 
Meroe,  a  place  situated  at  16*/  to  the  north  of  the  equa« 
tor;  he  divides  this  arc  like  that  which  passes  through 
lUEeToe,  and  marks  the  meridians  by  drawing  right  lines  be- 
tween these  points  of  diviaon  and  those  of  the  equator. 
This  prcgection  is,  as  we  see,  only  a  rude  alteration  of  the 
conical  projection ;  and  even  Ptolemy  prefers  another  me- 
thod, of  which  we  shall  give  a  rajttd  sketch  \ 


'  XjngsmgBt  Man.  for  la  OomCructkn  dct  CtftN,  lect  2. 

•  Ftfli  Geogr.  i  o^  31.  ^  FtoL  Geogr.i  o^  t^ 
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Second  me-  The  e^o'  IS  placed  in  the  plane  of  the  meridian  which  di- 
Aod  of  vicJes  the  known  world  through  the  middle,  and  on  the 
prolongation  of  the  radius  <^  the  sphere,  draAvnby  the 
c6mmo>n  intersection  of  this  meridian  with  the  parallel  of 
Syene,  cbn^dered  to  be  the  mean  parallel  of  the  known 
world.  Consequisntly,  let  ABCD,  Fig.  35.  be  the  great 
cirele  which  circomscribeB  the  hemisphere,  containing  the 
world  known  by  Ptolemy;  let  A  and  C  be  the  poles, 
BFD  the  equator,  AFC  the  mean  meridian  of  the  known 
world,  and  E  its  point  of  intersection  with  the  parallel  of 
Syene ;  then  a  line  drawn  from  the  centre  T,  through  the 
point  E  to  S)  will  be  the  line  in  which  the  eye  is.  If  now 
a  great  circle,  of  which  BED  is  the  half,  is  drawn  through 
the  point  E,  the  eye  will  also  be  in  its  plane,  because  it  is 
in  its  common  intersection  with  the  plane  of  the  meridian 
AEC.  Hence,  Ptolemy  concludes,  that  the  semicircles 
BED,  and  AFC,  will  present  themselves  ^s  right  lines^ 
which  cut  each  other  at  right  angles ;  that  on  the  contrary, 
the  equator  and  all  its  parallels,  seeing  that  their  planes 
have  the  same  inclination  to  the  plane  of  the  great  circle 
BED,  in  which  is  the  eye,  will  appear^  as  arcs  of  parallel 
circles^  having  their  convex  part  to  the  south :  finally,  that 
the  meridians  situated  on  both  sides  of  the  mean  meridian 
AEC,  will  be  seen  as  arcs  of  a  circle,  the  concavity  of 
which  is  turned  towards  the  mean  meridian,  and  which  be- 
come  more  and  more  concave  as  they  remove  from  it.*"  But 
instead  of' developing  these  principles  conformably  with 
perspective,  Ptolemy  determines  the  lines  of  his  projection 
according  to  arbitrary  proportions,  combined  so  as  to  pre- 
serve as  much  as  possible  the  configuration  of  the  coun- 
tries« 

**  Trace,^  says  he,  <^  the  rectangular  parallelogram 
ABCD,  Fig.  36,  so  that  the  side  AB  be  double  the  side 
BD.  Cut  it  in  two  equally  by  the  perpendicular  EF, 
which  you  will  divide  into  90  parts.  Prolong  this  line  by 
91  parts,  f  to  have  the  centre  L.  Take  FG  of  16  parts 
/g,  to  trace  from  the  opening  LF  the  parallel'  of  Meroe 
SX.    Make  GH  of  23  t't  to  have  with  the  radius  LH, 
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the  tropic  of  Cancer  TY;  Take  6K  o£  68  ports,  ftnd 
from  EL,  describe  the  parallel  of  Thule  QR.  Bring  oa 
these  three  parts  of  circumferences  TY,  QR,  SX,  the  de-*' 
grees  suitable  to  the  parallels  whidi  wnw&  to  them,  and  in 
the.relaUons  "which  they  have  with  those  of  the  equator; 
aad  through  the  corresponding  points  QTS,  RXY,  ^  &e. 
make  portions  of  circumferences  pass;  they  will  be  the 
likeridians  required. 

^fhis  projection  is  also  employed,  though  with  essential  Modifin- 
modifications,  to  depict  considerable .  parts  of  the  globe,  .^"^'f^^" 
The  best  of  tbe  methods,  which  are  derived  in  some  sortjeeBon.      ' 
from  that  of  Ftokmy,  is  that  employed  by  Flamstead  in 
his  ce^stial  atlas,  th^  iioprovement.  of  .which,  if  I  am  not 
mistaken,  is  owing.to  BDpne,  one  of  the  hest -French  geo- 
graphers*    The  priuqlples  of  thi8.deyel6}nnent  are'  to  de. 
scribe  all  the  parallels  from  the  same  centre,:taken  in  the  axis 
of  the  map,  and  to  take  afterwards  on  each  parallel  the  de- 
grees of  longitude  as  they  are  given  by  the  law  of  ^their  de- 
crease, that  is  to  say,  proportional  to  the  cosine  of  their  lafu 
tude,  and  la^t  e£  all,  to  make  a  curve  Unej  which  represents 
the  meridian  pc^  through  the  same  series  of  corresponding 
points  of  divi^ioii.    Whatever  be  the  pbsii^on  of  the  centre 
on  the  axis  of  the  vkap,  this  projection  enjoys  the  property 
of  representing  by  equal  quadrilaterals,  each  corresponding' 
qqa^ilal^al  ibrmod  on  the. surface  of  the  globe  hy  any 
two  meridians  and  parallek  whi^ever*.      The  quadrila-* 
ietiils^  moreover,  ha^«  two  of  their  opposed  sides  equal  in 
length  tQ.tjbecorresponding  sides  on  the  sphere,  though  dif- 
ferent by  their  ^cuur^^ature.     The  first  meridian  is  rectili- 
near, and  cuts  all  the  parallels  at  right  angles;  the  rest  are 
curves  'which  cut  them  mrare  or  le^  obliquely  as  they  re-  ' 
move  from,  .(he  prim^Lpal  meridian ;  from  which  the  quadri- 
laterals they  comprehend  lengthen  in  thedirection  of  on^ 
of  their  diagwals,  and  contract  in  the  direction  of  the 
other.    This  is  the  principal  defect  of  this  development  i 


^  Mollweide,  Domonstr.  ^nalyt.  d«  la  project,  &c.    Zoch*  Coneap.  Astron* 
w.  144. 
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but  it  mij  becomes  sensible  at  a  coasiderable  ^stance  from 

the  centre  of  the  map.  - 

Flamstead's     This  defeat  Was  very  lenaible  in  Flamstead^s  atlas,  be- 

projecuon.   ^^g^  that  astHHiomef ,  having  prolopged  indefinitely  the 

axis  of  his  map,  traced  the  paraUels  by  infinite  radii,  that 

is  to  Bay,  that  they  are  in  the  map,  right  lines  cutting  the 

meridians  of  the  exterior  of  the  map,  under  very  oblique 

angles ;  whence  results  a  great  alteration  in  the  configure^ 

tiop  of  the  cpuntries  remote  from  the  centi«,  a$  may  be 

judged  from  Fig.  87. 

Correction       This  iucouveni^iee  is  obviated  by  drawing  the  mean 

jection.^'^  parallel  of  the  map  so  that  it  may  be  cut  perpendicularly 

by  all  the  meridians.    For  this,  it  is  suffident  to  take  a 

ri^t  line*  equal  to  the  cotangent  of  the  latitude  of  the 

parallel  which  divides  nearly  equally  in  the  direction  of  the. 

meridiluiSi  the  region  we  pnqpose  to  represent,  mud  with 

this  right  line  as  a  radius,  to  describe  the  mean  parallel  of 

the  map ;  the  other  parallels  will  describe  thaoaselves  from 

the  same  centre  with  the  same  radius,  augmented  or  dimi* 

nished  by  n  quantity  equal  to  the  part  of  the  meridian 

comprised  between  the  mean  parallel  and  that  to  be  traced. 

It  is  unnecessary  to  say  that  we  should  also  make  the 

principal  moidian  of  the  map  agree  with  that  which,  in  the 

direction  of  the  parallels^  divides  the  map  into  two  equal 

portions.     It  is  a  principle  which  must  be  obsa^ved  in  all 

the  developments  of  the  globe. 

.  The  (corrected  {Hrqjection  of  Flmnstead  b^ng  now  the 

most  generally  adopted,  we  think  it  right  to  make  known 

the  processes  therec^,  aoeording  to  the  method  adopted 

in  the  J)epot  de  Ja  Gufrr^  K 

Tracing  of     X^et  US  propose  to  apply  these  principles  to  the  develop- 

^^dflo^*'  raent  of  a  spherical  semi-^pindle,  the  angle,  (rf*  whidi  is  1 00 

oorracted.    degrees,  new  measure,  Thedevelc^ment  will  be  the  projee* 

tion  of  a  triangle  with  three  right  angles,  <x  of  the  ^hth 

part  of  the  surface  of  the  sphere.     In  Fig.  SB,  let  Ca  be 

the  representative  radius  of  the  proposed  sphere,  and  a  O  a 

^  Puissant)  Tratt6  de  Topog.  p.  138. 
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line  perpendicular  and  eqaal  to  Cn.  If  from  di6  point  a 
we  let  down  on  Co  the  perpendicular  oe^  it  will  be  the  ra- 
diusof  the  parallel  at  the  lat  of  50  deg.  (new  measure),  tak- 
iogf  for  the  pole,  and  Q  for  a  pohit  of  4!he  equator.  This  be- 
ing done,  :we  may  consider  oO  as  the  side  of  a  cone-tangent 
to  the  sphere;  and  then  the  surface  near  the  cilrcle  of  contact 
wili.Qoinpide  pennbly  with  the  spherical  surface  But, 
sinci^,  on  one  band,  we  have  to  develope  only  the  quarter 
of  the  dbrcuniferenoe  of  which  ae  is  the  radius,  or  which 
come9  to  the  aame,  the  quarter  of  the  curve  surface  of 
the  right  eoiie  which  has  O  a  for  side,  and  that,  on  the 
other  hand,  o^  is  the  ane  of  50  degrees,  when  the  radius 
aC  is  tak^  for  thc^  total  sine,  w«  aball  have  the  logarithm 
of  the  aine  of  50^  »  9,849IA60^  and  the  one  of  50^s: 
0,70,71 1  •  Then  ^  of  the  circumference  which  has  for  radius 
(u?,  is  =  1  J1016a7 ;  finally,  since  the  arc  a  M5,  (Fig.  89.) 
described,  with  a  radius  aO  s  1,  should  have  for  length 
1,1101 6S7,  we  shall  find  the  number  of  degrees  of  this 
arc  by  the  following  pcoportion : 

3,14 :  200^ : :  1,1101887  :  /»  =s  TV,  71. 
Such  is  the  value  of  the  angle  a  O  i,  or  the  amplitude  of 
the  arc  a&.  Fig.  39*    Now,  if  we  wish  to  have  the  degrees 
of  longitude  from  5  to  5,  we  must  divide  the  arc  ab  into 
20  equal  parts,  and  the  middle  M  of  that  arc  will  be  on 
the  axis  OM  of  the  «iap.    But  as  it  is  not  possible  to  de- 
termine the  position  of  the  other  paralldis,  as  well  as  the 
length  of  their,  reqpective  d^ees,  without  having  a  scale  of 
equal  parts,  constructed  according  to  the  number  of  metres 
contained  in  the  mean  radius  aC  of  the  earth ;  a  radius 
which,  as  we  know,  is  =;  6,366198  metres,  we  shall  pro- 
ceed prevk)usly  to  the  construction  of  this  scale.     For  this 
purpose,  we  must  brin^  on  an  indefinite  line  mC,  Fig.  40, 
636  p^rts,  and  tV  ^^^lOk  Q  to  m,  and  must  take  d  G  equal  to 
the  radius  aC,  Fig.  88 ;  then  through  all  the  points  of  di-  l^e  of  the 
virion  of  the  line  mC,  are  brought  parallel  io  d  m^  the"^^ 
right  Hnes  ^a?',  yj/^  &c.      The  line  d  C  being  by  this 
means  divided  into  parts  proportional  to  mC\  we  form  on 
this  module  t{ie  acale  of  the  Fig.  99. 
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Havii^  thus  constructed  the  scale  of  the  map,  we  take 
in  it  a  length  of  50  pairts,  or  myriametres,-  for  the  value  of 
.the  degrees  of  the  meridian,  taken  from  5  to  5,  and  we 
carry  ^a,t  length  on  the  axis  of  .the  map,  ten  times  above 
and  ten  times  b^Iow  the  mean  paraUei  a  b^  Fig.  39-     We 
then  describe  from  the  pcHilt  0,  as  centre,  itidefinite  arcs, 
pasang  through  all  the  points  of  division  of  the  axis-OM-; 
we  as,  then  have  the  parallels  iiom  .5f  to  5  degrees.-    Fi- 
naliy^  <^  each  parallel,  we  take  distances  equal  each  to 
five  times  the  valq^  pf  the  degree  of  lon^tnde^  known 
,  by  th^  geographical  tables*  .  Thus,:  on  the  parallel  of  55 
;  degrees,  tl^  lepg^  of  the  degree  of  k>ngitude  is -6  myrisE- 
metres  4&;  consequently,  wb  must,  siting  out  from  the 
axJis^.of  the  map,  atid  on  both  sides  of  that  axis,  carry  teti 
times  the  interval  6,49  X  5  =  8S  myriametres  45^  taken  on 
the  scale.    When  all  the  points  through  which  the  meri- 
dians must  pass  have  been  determined  in  this  ibanner,  it  is 
easy  to  trace  those  curves. 

It  must  be  confessed,  that  the  amplitude  cf  the  arc  of 
any  parallel  .whatev^,:  determined  by  this  method,  will  be 
a  little  greater  than  it. ought  to  be,  since  we  give  to  this 
cord  of  an  arc  of  5  degrees,  the  length  itself  of  that  arc  ; 
but  the  error  which  results  from  it  is  the  less,  according  acs 
the  curvature  of  the  parallel  is  smaller.  Moreover,  to  obtain  a 
rigorous  exactness,  we  may  determine  the  amplitude  of  ail 
the  parallels  like  that  of,  the  mean  parallel,  by  the  angle  of 
which  the  two  radu  brought  to  the  extremities  of  that  pa- 
rallel form. 

Instead  of  taking  arbitrarily^  as  in  the  above  example, 

the  scale  of  the  radius  of  the  sphere,  the  length  is*most  commonly  fix- 

^  ""'P'     ed  by  means  of  a  scale  constructed  befoiiehand,  the  parts  df 

which  also  are  in  a  determined  relation  with  the  metre.    For 

example,  in  the  Depot  de  la  GuerrCy  the  scale  for  the  drawing 

.  and  engraving  of  the  map  of  each  of  the  four  parts  of  the 

'  1  ♦ 

world  is  g^— — ^,  that  is  to  say,  that  S,OQO,000  metres 

taken  on  the  ground,; will  be  represented  on  the  map  by  the 
real  length  of  a  metje.  .  According  to  this,*  the  racfius  of 
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the  earth,  which  i.  6,966196  metroe,  wiU  be  onJy  on'the 
„,^  6  »w,  366198  ^ 

^  2 =  8",  i  a    Hence,  Uiat  the  scale  of  this 

n»p  may  be  dmded  from  10  to  10  myriametres,  or  from 
100000  to  100000  metres,  it  »  necessary  that  10  myriad 
metrea  have  5  centimeters  of  length.    The  Depot  de  1a 
Ouerre  observes,  in  like  manner,  in  its  special  maps,  a  de. 
aroal  progression  of  the  scale,  so  that  the  degree  of  lati. 
tude  of  a  general  map  being  tafcen  for  unity,  that  of  the 
<:horographic  map  should  be  represented  by  one  of  the 
aumbers  2,  5,  or  10,  which  are  exact  divisors  in  thedeci- 
nal  system.    By  this  means,  the  particular  maps  are  per. 
tectiy  connected  with  the  general  maps,  seeing  that  the 
proportions  of  details  increase  from  one  to  the  other  map, 
Jn  relations  of  easy  calculation.     But  the  execution  of  thos^ 
maps,  by  requiring  the  largest  axe  paper,  increase  their 
price  too.  mach. 

The  various  modifications  of  tiie  conical  projection  hav- 
ing been  sufBdiently  explained,  we  shaU  now  consider  the 
cyUf^al  develyment*  of  the  surface  of  the  globe,  andCyHndri«a 
the  mariue  charts  deduced  from  them  K     ■  develop. 

,  The  poiJlAjg/^i^oMwpaw  which  navigators  follow,  hav-"""*^ 

ing  the  pm^perty  of  cutting  under  the  same  an^e  all  the 

meridians  which  they  traverse,  and  which,  for  that  reason, 

fonn  on  the  globe  the  sjMral  named  hwodnmie,  are  neces-' 

•arily  projected  by  curve  lines,  of  the  same  kind  in  ail 

maps  where  the  meridians  are  not  parallel.    Thisis  de-QfUaod 

monstrated  by  Fig.  41,  in  which  we  see  a  half  bf  a  hemi-mic  itae^"*" 

q>ljere  prpjeWed  on  tbe  plane  of  the  equator.     Let  P  be 

Ae  north  pde,  AMB  the  Equator ;  tiie  right  lines  drown 

from  tile  centee  to  the  cireuadfi^nce  are  maidiana,  and 

the  concentric  mtkiB  .represent  the  paraltelA    Suf^xwing 

the  navigator  wiriies  to  go  from  C,  a  pofait  of  the  equator 

i^t  notth'irest,  the  course,  of;  hia  vessel  mttst  «oeatantiy. 

make  Vith  the  meridian  of  the  place,  o?  with  the  line  north 

'  Neptune  Fran9aii*  Disc  prt-lim.     Bczout,  Cours  de  Math^m.  Mwint, 
^bourgttet,  Tiait^  des  Navig.  See. 
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and  south,  an  angle  of  45  deg.  (an.  nieas.)  Supposing 
him  to  be  arrived  at  G,  the  meridiain  line  GNP,  preserves 
no  longer  its  parallelism  with  the  meridian  CG;  if  he 
continues  his  route  norh'.nrest,  keeping  always  the  angle 
of  45%  he  will  reach  the  point  H,  to  the  point  from  J, 
and  wiU  thus  describe  the  loxodromic  curve  CG  H  I, 
which  oonstaoitly  approaches  the  pole,  without,  however, 
ever  reaching  it.  The  greater  the  constant  angle  under 
which  the  route  cuts  the  meridians,  the  longer  the  loxo- 
dromic  curve  becomes,  as  is  seen  in  Fig.  41,  by  the  Une 
CRS.  It  is  plain  that  mariners,  who  must  direct  thdr 
courses  on  these  lines,  cannot  conveniently  trace  on  these 
maps,  neither  the  toad  they  have  made,  nor  that  they 
have  still  to  run,  on  account  of  the  difficulty  of  measuring 
with  the  compass  the  arc  of  a  curve.  To  obviate  this  in- 
convenience, they  have  endeavoured  to  contrive  a  projec 
tion  of  maps,  in  which  the  meridians  should  be  right  pa- 
rallel lines. 

The  development  of  a  cylinder  immediately  presents  it- 
self to  the  mind,  as  the  means  of  obtaining  such  a  projec- 
tion. When  we  merely  wish  to  trace  a  zone  of  very  little 
extent  in  latitude,  it  is  evident  that  the  spherical  eone  may, 
without  any  senrible  error,  be  represented  by  the  develop- 
ment  of  A  cylinder,  either  inscribed,  or  circumscribed  on 
that  2one,  and  the  axis  of  which  coincides  with  that  of  the 
globe*  The  meridians  which  will  result  from  the  sections 
of  the  cylinder,  by  planes  passing  through  its  axis,  are  re- 
presented by  right  lines  parallel  to  that  axis ;  the  planes  c£ 
the  parallels  cut  the  cylinder  according  to  circles  parallel  ta 
its  base,  and  which  become  right  lines  in  the  developmet^. 
Consttoc-  Such  is  the  construction  of  flat  maps,  the  invention  of  which 
tbnrf flat  j^  falsely  attributed  to  Doft  Henry,  Infanta  of  Portugal, 
dnce  Marinus  of  Tyre,  imteri^  to  Ptolemy,  condemns 
their  use,  and  has  latteiApted  to  modify  them  ■".  Their  de- 
fects are  analogous  to  those  of  the  conic  prelection  ^  they 
are  even  more  considerable ;  for,  in  the  latter,  one  may 

"*  Marin.  Tyr.  Ap.  Ptolem.  f .  20.     Comp.  GosaeUn,  Becherchei  sux  la 
Geogr.  det  Grecs,  IL  33.  sqq.  I  46—50,  &c  &c. 
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give  tiro  ^wndltls  tlieir  true  length  ^th  reqpeot  to  the  Ae-  ' 
grees  of  ladtude,  while  on  the  iht  nap  this  proportlen  cant 
be  obsenred  with  reepeet  to  one  only ;  namdy^  tor  the  ia« 
teier,  in  the  development  of  the  cifounMOlAbed  tyliiMler, 
and  fot  the  enperiOr  in  the  derelopntent  of  that  whkh 
18  inscribe.  It  is  ttiie  tbec  one  may  avoid  this  iftcoa. 
vauenoe^  by  enployipg  a  cylinder  eonstmet^  on  oae 
of  the  interttiddiite  parallels,  which  would  be  pattly  in- 
tsrior^  and  partly  exterior  to  the  S{Aei%;  in  this  nmk*- 
ner,  the  ext^it  in  longitude  would  be  exact  towards  the 
middle*  but  the  error  would  be  divided  between  the 
tifo  extremitieB.  Cylindrical  prcgections  have  e^en  been 
attempted,  in  whidi  the  basis  of  the  cylinder  would  be  any 
vertical  drcle  whatever  ^ ;  but  we  shall  not  maition  them, 
and  shall  merely  observe,  that  the  parallel  which  serves  ae 
base  to  the  cylinder,  may  be  placed  so  as  that  the  area  of 
the  development  shall  be  equal  to  that  of  the  spherical  £one. 

The  tracing  of  flat  maps  is  effMsted  without  difficulty,  as 
socm  as  thepoeitiioa  of  the  terrestrial  paiaiiel  to  be  developed 
is  fixed ;  it  only  remains  to  give  to  the  degrees  of  longitude 
on  this  parallel,  the  size  they  ought  to  have  with  respect  to 
that  which  is  asHjpied  to  the  degree  of  latitude. 

The  line  Hfi,  Fig.  4SL  being  supposed  parallel  to  the  Defects  of 
axis  CF,  and  equal  to  the  deveiopment  of  the  arc  BF,  iriU^^™^ 
be  the  meridian  of  the  map  destined  to  represent  the  aone 
cottprehraded  between  die  paiaUeis  of  the  pc^nts  B  and  P. 
The  devekfpment  of  the  mean  parallel,  the  radius  of  wbidi 
is  E  ^,  will  give  the  degtee^  of  longitude.  Thia  figut« 
sbewB  the  defect  of  the  map  im  the  extnukne  pamlleis,  sme 
the  radius  G;  is  smaSer  than  B^,  and  fhatadiusHA 
larger  than  F/I 

These  maps  can  only  serve  for  very  taxitil  parts  of  the 
gbbe;  the  least  defective  ere  these  whieh  represent  die  le^ 
gions  near  the  equator,  because  at  a  Uttle  distance  from  this 
ciccle  the  cosines  of  the  latitude  do  «ot  vaty  aluch.  UAnvilie 
made  use  of  them  in  such  a  case  ^,  but  it  was  almost  unique. 

"  Textor,  dazu  Zwhy  Corresp.  xviii.  190. 

*  C^rte  de  Gum^e,  1776,     D'Anville,  Consid.  sur  la  Geogr.  p.  30, 
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Mmit(xr*s  Ncmmiis  remarked^  tomuds  the  middle  of  the  10th  ca^ 
o^i^^  tury,  the  defiactft  of  flat  mi^s.  lA&:caAoTf  wh&  bad  just 
mai^i-  intitxbiced  the  stereographic  fRojeetion  for  maps  ci  the 
wotfld,  coniddeijed  that  laaniiers  <lo  not  eikiploy  maps  tor 
know  the  figure  of  countries,  but  only  to  trace  exactly,  ac* 
cording  to.  its  toigth  and  direction,  the  course,  they  have 
JiQwde,  and  todetfisrinine  the  dbtanee  they  aire  from  difficfeBt- 
points  of  the  coasts^  with  the  course  they  must  hoU  io  readi 
or  avpid  them ;  he  invented,  siccordii^  to  this  priadpie,  in: 
1550,  the  projection  of  reduced  mapsj  which  perfectly  sa* 
tisfies.  these  conditions,  and  of  which  Wright,  'Gregory, 
Haliey,  and  others,  discovered  the  mathematical  theory, 
long  after  P.  .  The  meridians. are  here  parallel  right  lines, 
equidistant  and  cut  at  right  angles  by  the  parallels  to  the 
equator ;  but  the  intervals  which  separate  the  latter,  in- 
crease as  we  advance  towards  the  poles,  in  an  inverse 
relation  to  that  which  the  diminution  of  the  degrees  of 
longitude,  (Fig.  43.)  follows  on  the  globe.  Hence  it  re- 
sults that  the  distances-  in  Icmgitude,  measured  on  each  pa^ 
rallel,  have,  with  respect. to- the  distances  in  correspcmdent 
latitudes,  the  same  relation  as  on  the  gldbe.  . 

The  tracipg  of  these  maps  has  no  difiiculty  but  the  con- 
struction  of  the  scale  of  latitudes,  for  which  tables  have  been 
long  since  calculated  with  much  care,  and  even  with  an  al- 
lowance for  the  flattening  of  the  earth.  They  bear  the  name 
Tables  of  of  tables  otincreaeing  kUUudee,  on  account  of  the  augmenta- 
hSudSf  ^'^^  which  the  length  of  each  degree  of  latitude  has  in  these 
tables  in  proportion  as .  it  approaches  the  pole.  As  the 
principles  according  to  which,  these  tables  are  constructed 
cannot  be  rigorously  explained  without  the  aid  of  the  inte- 
gral calculus,  we  shall  confine  ourselves  to  an  observation. 
QU  the  nature  of  reduced  maps,  and  shall  indicate  here- 
after a  simple  enough  method  to  arrive  at  the  construc- 
tion of  these  tables  by  approximative  means  \  It  is  evi- 
dent th^t  we  must  not  look  in  them  either  for  the  relative 


p  MoUweide,  dans  Zttcfa,  Corresp.  xiv.  490. 
«  Sec  Note,  p.  137. 
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eitt^of  oountsiesy  or fior  AemxMtk  image  'o£  thnrecBiflgu- 
ration;  for  thts  prcgjeoticm  avgmenta  coaskleraUy  thentt 
gions  |>faiced  towards  the  poles^  though  in  other  refi{iQcis  it 
sluices  with  the  stareogriqf^c  jnn^'ectfofi  the  property  of  pre« 
serving  thdr.  ninUitude  to  infinitely  snudi  portions  of  the 
globe;  but  these  defects  have  no  inconveniences  in maps^ 
which  should  only  be  coBsidered  as  instrumaaitB  destined  to 
resolve.  gec^raphicaUy  the  pidncipal  qaesti<»)8in  navigation, 
which  they  do  with  the  greatest  exactness  and  facility,  by 
means  of  geometrical  formuke  given  in  treatises  of  navi* 
gatipn. 

It  still  remains  for  us  to  point  out  Various  methods  of  Pioportioiw 
tracing  maps,  wfatoh  have  not  the  deveioptnent  of  si  figure  |^^^^ 
for  their  basis,  but  only  calculations  of  propottimi. 

The  most  remarkable  projection  of  this  kind  is  that  in^Pfojection 
vented  by  the  celebrated  geometer  Lambert',  and  sinceex- 1,^^, 
amined  by  an  Italian  author '.  The  principal  condition  of 
this  projection  is  to  represent,  by  equal  -spaces,  regions  of 
equal  extent.  To  construct  the  map  of  a  hemisphere  it  is 
conceived  to  be  divided  into  semi^indles,  by  pknes  brought 
through  its  axis ;  and  on  the  centre  of  the  great  orde  per- 
pendicular to  this,  axis,  another  is  described,  the  area  of 
which  may  be  equivalent  to  that  of  the  hemisphere  It  ia 
easy  to  see  that  each  semi^pindlewill  be  represented  on  the 
circle  in  question  by  a  sector,  the  angle  of  which  will  be 
equal  to  that  formed  by  the  tWo  jdanes  which  comprehend 
the  spindle.  This  is  shewn  in  Fig.  44.  in  which  P  repre-» 
sentsthe  pde,  ABD  the  plane  of  the  equator,  APBa  semi- 
spindle  comprised  between  two  meridians  and  the  equator; 
the  circle  A'  B'  D^  is  that  the  area  of  which  is  equal  to  that 
of  the  hemisphere  PABDE.  We  discover  also  without 
difficulty  that  the  radius  A'  C  must  in  general  be  equal  to 
the  cord  AP  of  the  arc  of  the  meridian  comprised  between 
the  pole  and  the  plane  which  terminates  the  spherical  dome 
to  be  represented. 


'  Lambert,  Mem.  sur  Tusage  des  Matbem.  toI.  iiL    Obierv.  aur  les  Cutes, 
met  99.  Mayer,  Iiitrod.  &c.  sect.  5^.  en  AIL 

•  De  Lorgna,  Frindpi  di  Geogr.  &c.  Verona,  1789. 
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Polar  pro-  • '  Ih  the  jiolar  prcigcetioft,  tiactd  aeeoidii^  itd  this^priilcijlie^ 
jectioD.  ^^  meridkns  are  tke  tadii  of  the  mok  which  terminate  the 
map ;  the  parallels  are  coilceDtinG  circles  to  the  fonner,  de- 
scribed  from  a  radius  equal  to  the  eoid  of  the  oomplemeiit 
of  the  latitude ;  the  quadrilaterals  farmed  by  the  meridians^ 
and  the  parallels  which  ternunate  a  ssonef  are  equal  and 
rectangukr  as  on  the  sphere  ;  and  f<xe  this  reiiton  the  don* 
figuration  of  the  countries  is  not  very  much  altered.  The 
distances  ark  not  measured  immediately  by  the  right  line 
which  joins  the  two  points  compared,  but  it  does  ilot  diii^Br 
much  from  them,  and  its  exact  value  may  be  pretty  easily  de- 
soibed.  This  projection  is  also  very  easy  to  describe 
when  it  is  employed  to  represent  hemispheres  termmated  by 
the  equator;  but  it  becomes  more  complicated  when  the  he- 
misf^eres  are  terminated  by  the  horizon,  because  we  must 
t^ere  substitute  for  the  meridians  and  parallels  the  azi^ 
imdh  circles  and  the  tUmicantaraU  (or  parallels  to  the  hori* 
ton)  of  the  place  taken  for  centre  of  the  map,  drcles  to 
which  the  longitudes  and  latitudes  can  be  referred  only  by 
a  construction  or  particular  calculation* 
Equatorial  The  inoonvenienoes  seem  less  in  the  prcnection  of  the 
P«^«^  hemisphere  terminated  by  the  mer^^  AGem-ngeo- 
meter  ^  has  given  an  analysis  of  them»  from  which  the  follow* 
ing  graf^c  process  has  been  deduced.  Trace  a  circle  with  the 
radius  AC,  Fig.  4&;  out  it  by  the  lines  AD  and  B£»  one  re* 
pres^Qitittg  the  equator,  the  other  the  nleridiati  of  the  middle 
of  the  map.  Mark  the  ccMrds  representing  the  parallels  by 
dividing  the  semi^-diaBieters  BC  and  EC,  each  according  to 
the  following  scale,  the  radius  AC  being  taken  tot  unity. 

Latitude  10"  —  0,13681  Latitude  60"  —  0,76239 

20  —  0,87201  70  —  0,86191 

30  —  0,40397  80  —  0,94539 

40  —  0,53094  90  — 1,00000 
60  —0,66116 

Finally,  divide  both  the  equator  and  parallels  into  equal 

^MoUweide)  dans  j?acb|  Comsp,  xii.  160.  Voycx  les  AnnaleB  det  Voy^f 
ages,  vol.  xiii. 
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parts,  and  earr^  through  the  6orreepcm8Sakg  pbintei  of  divi. 
sion,  ellipses  representbg  the  meridians.  Thb  projection 
has  some  resemblance  with  the  orthographic,  but  is  more 
easy  to  trace ;  it  disfigures  the  countries  infinitely  let^,  and 
gives  the  spaces  in  their  just  pitoportions. 

W^  may  connder  as  an  arbitrary  alterafion  of  fhb  pro-  Aliemtkni 
portibnal  projection,  the  method  of  which  the  idea  is  attri-jj^^^*" 
buted  by  Vaugondy  to  G.  De  Ll^e^,  but  which  is  indica- 
ted in  more  andent  authors  ^  It  consists  in  dividing  the 
principal  meridian,  the  equator,  and  the  circumfference  of  the 
map  into  equal  parts,  and  then  carrying  throu^  the  points 
of  division,  curves  representing  the  meridian  and  parallels. 
Arrowsmith*s  niaps  of  the  world  are  traced  according  to 
this  method,  which  has  nothing  particularly  recommendable. 

The  operatidns  of  Cassini,  to  determine  the  figure  of  the  PNjection 
earth  by  the  measure  of  the  degrees  of  the  tneridian,  and^^^*^^'* 
the  parallels,  gave  rise  to  a  very  important  kind  of  prelec- 
tion, being  that  according  to  which  the  great  map  of  France^ 
the  finest  geographical  work  ever  executed,  is  ccmstructed  ^r. 

When  it  was  alfempted  to  measure  a  degree  of  longitude, 
the  difficulty  was  experienced  c^  tracing  exactly  on  the  earth 
a  parallel  to  the  equator.  In  fkct,  if,  by  a  Kne^irectedby 
means  of  vertical  pegs,  and  perpendicular  to  the  meridian  of 
a  place,  we  determine  a  series  of  points,  it  is  evident  that, 
supposing  ttie  earth  spheriead,  they  wili  betong  to  the  great 
cirele  deterriuned  by'  the  vertical  jdane,  drawn  perpoidi* 
cularly  to  the  mmdian  in  qu^estion,  and  which,  cm  the 
earth,  answei^s  tb  iiie^ceksti^eirclie,  named  ^r^  vertkaL 
The  paroBel  soon'septtfatesi  firom  this  circle^  which  it  only 
toocbea  at  the  point  where  it  cuts  the  meridian.  In  a  sphe* 
roid,  the  curve  perpendicular  to  the  meridian  has  a  double 
cnrvatnre,  and  an  inquiry  into  its  properties  has  occuj^ed 
several  geometers  ^ 

The  meridian  and  its  perpendiculars  being  the  lines  most 

«  R.  Vaugobdy,  loitib'Ckosr.  884^  F«Mnt»  Xopog^  133. 
'•'«  Foumier,  Hydvogr.  L  xiv.  ch.  30. 
7  Cassini,  Acad,  des  Sdeaees,  1745. 
'  M^m.  de  TAcad.  dn  Sciences,  1733. 
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eanly  traced  by  aitionoiiiical  and  geodesiiial  operatioas,  it  is 
to  the  meridian  of  .the  observatory  at  Paris  and  to  its  perpen- 
diculars that'  the  points  of  the  map  of  France  are  inrnie- 
diatjcly  rrferred ;  their  latitudes  and  longitudes  were  only 
concluded  i  poiteriorif  and  by  calculation  ^ 
Pfopote  To  form  an  idea  of  the  manner  in  which  this  projection 
j^gjij^^"*' represents  the  terrestrial  spaces,  we  must  observe,  that  the 
great  circles  perpendicular  to  the  meridian,  (supposing  the 
'  earth  spherical,)  all  cut  each  other  at  the  poles  of  this  me- 
ridian, and  consequently  converge  towards  each  other, 
while,  on  the  map,  where  the  same  meridian  is  a  right  line, 
they  become  parallel  among  themselves.  It  thence  results 
that  the  p(^tions  determined  by  two  circles  perpendicular 
to  the  meridian  are  represented  by  rectangles  of  the  same 
length,  but  broader  towards  the  extremities.  Thus  their 
distances  and  their  areas  can  be  measured  immediately  on 
the  map  of  France  only  by  approximation ;  and  though  the 
lextent  in  longitude  is  not  considerable  enough  for  the  cot>. 
vergence  of  the  perpendiculars  to  the  meridian  to  induce  an 
•important  error  \  we  must  be  cautious  in  the  employment 
of  this  projection,  which  is  only  excellent  for  the  immediate 
assemblage  of  trigonometrical  surveys.  Several  German 
geometers  have  calculated  formulas  and  tables  to  render  its 
use  more  sure,  and  C(»tect  its  errors  ^  ; 

(Spindle  of  It  18  to  arbitrary  de.velopmentfi  of  the  gkbe  that  we 
Sal*^Se.  ™"^^  ^^'  ^^^  constnwJtion  of  the  apindleSj  whidi  are.tra. 
ced  on  paper,  to  cover  globes  that  «re  not  very  lai^*  .The 
surface  dS  the  globe  is  divided  into  It  or  18  ^paita^  accords 
ing  to  the  size  of  its  diameter,  by  drafong  i»eri£an8,of ^ 
to  00^,  or  of  SO  to  00^.  The  space  com^e^ended  between 
two  of  those  meridians,  having  very  little  curve} in.  the  di-j 
reetion  of  its  breadth,  may  be  co|isi4^ed  as  forming  part 
of  a  cylindrical  surface  circumscribed  to  the  sphere,  acoord-t 

•  Da  Sejoor,  Tndt^  Analytiqiie  det  MouvemcnB  appawns  des  Coips  celestes, 
e.  iL,  and  tbe  Deseriptijm  GeQmeMqpie  de  1b  Fmncf^ 

^  They  extend  in  the  extremities  of  Cassini's  Fiance  to  150  toisee  in  ifi^OQO^ 
9Bi1n6  du  Socage.    Topog.  Mem.  du  Di^fKyC  deUQqei»»  1»  t3. 

f  Zach,  Correspond. 
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ing  to  the  meri^an  which  diYideB  it  into  two  equal  ports* 
This  meridian  is  developed,  and  by  carrying  perpoidica^ 
larly  (like  ordinates)  on  each  ade  the  aemiJMneadths  of  the 
portions  of  parallels  comprehended  between  the  meridians 
which  terminate  the  qfundle,  we  obudn  the  form  of  the  lat- 
ter. Sometimes  it  is  truncated  at  the  two  extremities  at 
15  or  20  degrees  from  the  poles,  and  these  two  zones  or 
spbmcal  domes  are  traced  apart,  oonadeiing  them  as  if 
they  were  flat.  This  process  is  only  an  i^pproximatiTe  me- 
chanism, whidi  facilitates  die  fid>rication  of  globes,  and  de- 
■ores  no  farther  notice.  Let  us  only  express  our  wish  that 
some  able  mechanician  would  invent  the  means  of  giving 
more  exactness  to  the  engraving  of  globes,  at  the  ^aine  tune 
that  the  advantage  of  the  multiplicaticm  of  oofdes  is  pre« 
aerved. 
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Continuation  qf  the  Theory  of  Qeography.  ContinucUion, 
and  end  of  the  Theory  of  Geographi/coi  Mape»  Of  the. 
choke  and  assemblage  <^De^U» 

In  Tain  would  geoipetry  have  taught  us  so  many  and 
such  ingenious  methods  of  tracing  maps  in  a  manner  con- 
formable to  the  wants  of  geography,  if  we  could  only  insert 
in  these  pictures  of  the  globe  incomplete  images  of  the  differ- 
ent countries.  All  our  projections  would  then  be  only  what 
the  rules  of  perspective  are  to  a  sign-painter.  It  is  the  no- 
velty, the  exactness,  and  richness  of  details,  which  distin- 
guish a  learned  map  from  those  unformed  sketches,  the  con- 
trivance of  which  is  confided  to  ignorance.  To  compose  a 
good  map,  we  must  know  how  to  choose,  and  to  assemble 
die  details  which  will  form  its  merit. 
Choice  of  The  first  object  of  consideration  for  the  deagning  geo- 
projectioDs  grapher  is  to  determine  the  kind  and  the  object  of  his  map. 
Is  it  general  f  does  it  embrace  a  vast  portion  of  the  world  ? 
He  chooses  a  large  paper,  and  employs  a  projection  such  as 
the  different  modified  conical  projections., which  hardly  alters 
the  configurations.  Does  he  wish  to  construct  a  map  of  the 
world,  destined  for  the  studies  of  astronomical  geography  ? 
He  uses  the  horizontal  stereographic  projection.  Is  it  to 
be  applied  to  physical  geography  ?  He  prefers  the  develop- 
ment of  it  on  a  single  meridian,  placing  the  new  continent 
to  the  right,  not  to  interrupt  the  connexion  of  the  continents. 
In  special  maps,  where  an  empire  or  province  is  traced,  the 
choice  of  the  projection  seems  more  indifl^erent,  because  the 
defects  of  all  the  methods  diminish  when  the  map  embraces 
only  a  small  portion  of  the  surface  of  the  globe.     Neverthe- 
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leM  tliere  mre  advantages  and  ineonvemenoes .  which  flow 
from  the  nature  of  prelections^  and  which  we  have  indicated 
in  the  preceding  book ;  there  may  be  also  one  projection 
which,  with  respect  to  the  paper,  will  oblige  the  geographer 
to  admit  into  his  map  more  countries  foreign  to  his  princi- 
pal object  than  another ;  but  it  is  essential  to  avoid  such 
prcgectionsi  because  they  d'uninish  the  ee€ile  of  the  map ; 
that  is  to  sayt  the  proportion  between  the  image  and  the 
object  represented.  Mariners  who  ppifU  their  route  on 
maps,  say,  instead  of  great  and  nn^  scale,  gremi  and  small 
pointy  an  expression  properly  applied  only  to  reduced 
map& 

The  impossibility  of  admitting  into  a  map,  even  of  very 
great  difnensions,  all  the  details  relative  to  t<qx)graphy,  ne- 
cessitates a  choice  among  those  details,  whidi,  however,  it 
is  impossible  to  subject  to  general  rules.  One  map  is  deft-  Political 
tined  to  shew  the  political  limits  of  states,  and  the  bounj-^^P^^"^^ 
daries  of  provinces,  with  their  chief  towns;  another  is 
destined  to  shew  the  chains  of  mountains  and  the  branches 
of  rivers  i  and  these  two  classes  still  admit  of  sulvdivi- 
«ons«  A  mUiiary  map  is,  in  reality,  only  a  perfect  and  Military 
detiuled  topography ;  the  warrior  should  find  in  it  every  ^^^ 
road  in  which  he  qan  advance,  either  with  artillery,  or  only 
with  his  musket ;  every  ford  in  a  river,  every  defile  by 
which  he  can  turn  the  portion  of  an  enemy ;  in  a  word, 
these  maps  should  exhibit  all  the  localities  which  can  influ- 
ence his  operations ;  the  number  of  good  military  maps  is 
therefore  very  limited.  It  is  in  great  part  to  the  excellence 
of  those  supplied  by  the  Depot  dela  Ouerre^  that  the  French 
armies  owe  their  successes.  A  learned  geometer,  deeply 
skilled  in  the  art  of  war  %  had  made  a  list  of  the  French  ge- 
nerals,  in  which  he  estimated  their  talents ;  opposite  an  illus- 
trious name  was  often  this  note.  He  is  weU  aoguainted 
with  the  map.  The  importance  of  geographical  studies  for 
the  leaders  of  armies  was  felt  by  the  ancients,  and  the 

•  VL  Cunat  Comp.  Zacfa.  Corzesp.  Astron.  i,  5!^0. 
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ttomtihs  knew  wielt,  ^  thit '  localities  ff equentty  ini 
victory  more  than  courage  and  numbers  ^'^ 

Other  branches  of  government  equally  require  niaps,esped- 
ally  consecrated  to  a  particular  object.  Those  of  the  waters 
and  forests,  for  example,  should  always  be  consulted  as  a  bea- 
con in  cultivation ;  and  in  this  respect  the  states  of  Germany 
have  hitherto  had  advantages  over  France.  What  a  military 
map  is  for  the  ground,  nauiical  maps  are  for  the  seas ;  they 
even  interest  the  physical  geographer,  as  they  represent, 
though  very  imperfectly,  the  irregularities  of  the  bottom  of 
those  basins  covered  with  water  which  occupy  so  vast  a  portknk 
of  the  globe.  The  rocks,  reefs,  sand-banks,  scattered  through 
the  seas,  are  sub-marine  mountains  and  bills;  and  a  com- 
plete knowledge  of  them  would  throw  great  light  on  th^ 
geography  of  the  terrestrial  mountains.  Unfortunately 
nature  seems  to  forbid  the  hope  a£  our  ever  completing  that 
part  of  geography.  ^<  Navigators,*^  says  a  celebrated  ma- 
zincr  %  <<  can  only  answer  for  the  routes  they  have  made,  or 
the  soundings  they  have  taken ;  and  it  is  possible,  that,  on 
the  finest  sea^  they  may  have  past  date  beside  banks  or 
shoals  where  there  were  no  breakef  s  (that  is  to  say,  whose 
existence  was  not  betrayed  by  the  foaln.  of  broken  waves.^) 
The  maps  of  rivers  present  in  detail  all  the  branches  of  ^ 
stream,  and  all  the  circumstances  of  its  course.  They  are 
comprised  with  nautical  maps,  under  the  genera;!  appella- 
tipn  of  hydrographic 

There  are  also  maps  of  botany,  mineralogy,  geology,  and 
even  of  zoology,  the  object  of  which  is  to  show  the  geogra^ 
phical  distribution  of  the  productions  of  nature  ^ ;  there 
are  some  which  .their  autlKH*s  decorate  with  the  name  of 
historical  J  and  which  are  intended  to  show  the  migrations 
of  nations,  and  the  changes  of  sovereignty  « ;  finally,  there 
are  few  objects,  the  reduction  of  whose  relatioils  of  locality 


t>  Veget  De  Ae  MiHt.  iil  c.  26.    ^  La  Peroiue,  Voy:..  ii.  ch.  iL  p.  54. 

*  Bitter,  Cartc«  Physiques  de VEurope. 

•  The  Historical  Atlas,  by  KruM,  io  German^  it  the>wt  votk  of  this  kind. 
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has  not  been  attempted  in  the  form  of  maps.  But  the  com-* 
position  of  these  sorts  of  tables  is  subject  to  rules  derived 
from  sciences  fordgn  to  geography. 

All  maps  ace  not  intended  to  advance  our  knowledge 
by  the  publicatioii  of  new  details,  or  by  greater '  exact- 
ness. Public  instruction  requires  elementary  maps^  the'Elementa- 
merit  of  which  connsts  in  rendering,  in  a  faithful  and^"^^^^* 
complete  manner,  truths. already  known,  and  in  whidi  it 
wete  to  be  wished  a  syst^n  of  engraving  might  be  adopt* 
ed,  less  elegant  and  less  costly  than  what  the  refined 
taste  of  the  public  requires.  The  essential  point  in  an 
elementaty  aiUuy  is  not  to  display  on  a  great  scale  maps 
full  of  details,  and  of  minute  exactness  but  rather  to  ex- 
hibit, in  a  series  of  small  but  numerous  maps,  the  complete 
assemblage  of  the  principles  of  ibe  science. 

After  having  duly  reflected  on  his  object^  the  designer 
has  to  collect  and  combine  the  details  necessary  to  fill  his 
map. 

Good  astronomical  observations  here  hold,  without  dis-  £mpIoy. 
pute,  the  first  rank ;  but  how  difficult  is  it  to  judge  whether  JJ'on^j^^l' 
an  observation  be  good  !  How  many  inconsiderate  changes  observa- 
have  been  introduced  into  geography  by  the  employment 
of  longitudes  badly  observed  or  ill  calculated!- Above  all^ 
how  many  errors  are  owing  to  the  careless  use  of  the  chro- 
nometer !  We  have  indicated  the  different  methods  by  which 
the  astronomer  assists  in  fixing  the  geographical  positions  of 
terrestrial  places  ';  but  the  value  of  an  obs^vation  does  not 
depend  solely  on  the  goodness  of  the  method  ;  to  appre^ 
date  it  we  must  know  all  the  processes,  and  all  the  circum- 
stances, and  submit  these  details  to  a  minute  criticism,  and 
to  careful  calculations.  In  a  word,  we  must  imitate  the  ex- 
ample of  Oltmanns,  in  his  Researches  on  the  Observations 
of  Humboldt.  It  is  in  studying  the  work  of  this  geome- 
ter s,  that  geographers  may  learn  all  the  rules  of  sound  cri- 
ticism with  respect  to  astronomical  data.  The  true  geogra- 
pher ought  to  be  almost  an  astronomer.     Thus  we  every- 

'Above,  b.  i.  ^  Voyage  de  Humboldt,  part,  astron. 
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where  recognise  that  fratemal  tie  which  unites  all  the  scieo* 
ces  by  renderii^  them  necessary  to  each  other  f 

The  second  and  the  ridiest  somroe  from  whidi  geogra- 
phers draw  the  detaih  of  their  mieps,  is  triangulation  ;  we 
hoire  given  an  idea  of  it  in  qieakiag  of  the  noasurement  of 
the  earth  by  Pieard  \ 
Employ.        When  the  porition  of  a  certain  ftiMber  of  peints  has 
^^  ^  ^  been  fixed,  either  by  astaroaomical  observations,  or  tr^ono- 
mcasuTes.    metncal  measiuiesi  it  is  easy  to  connect  with  these  pokits 
the  particular  jimns  taken  on  the  grouad,  and  whkh  exhi- 
Int  die  kicahties  in  detail.  But,  as  the  art  of  drawing  plans 
on  the  ground  depends  in  great  part  on  principles  forrigii  to 
geography,  we  shall  content  oursleves  with  inificatii^  mere^ 
ly  some  practical  means  employed  by  geographers  for  con« 
structing  a  topographical  map  from  partial  surveys.     The 
reader  who  wishes  for  detailed  instructions  on  trigonome- 
trical subjects,  cannot  do  better  than  to  have  recourse  to 
the  excellent  Treatise  on  Geodesy  by  the  learned  and  in- 
genious Puissant. 

When  we  wish  to  construct  a  map  by  oonnecting  together 
plans  taken  sqiarately,  it  is  necessary  that  each  of  these 
plans  should  have  at  least  two  points  in  common  with  that 
to  which  it  b  to  be  joined;  or,  which  comes  to  the  same, 
there  must  be  a  line  detomined  both  in  aze  and  position 
in  one  winch  can  be  applied  to  a  similar  line  in  the  other. 
'Then,  by  drawing  on  the  paper  destined  to  form  the  ge- 
neral plan  that  dire^inff  lin$^  so  that  there  may  be  on 
each  «de  li  space  proper  for  comprising  each  of  the 
plans,  it  will  be  easy  to  refer  to  this  general  plan  all  the 
points  that  have  been  determined  on  the  partial  plans,  by 
attaching  them,  by  triatigles,  to  any  two  points  taken  on 
the  directing  line,  or  combining  them  with  any  point, 
the  position  of  which  has  been  fixed.  If  there  is  t€>  be  a 
reduction,  as  almost  always  happens,  the  triangles  of  the 
topographical  plan  must  be  made  similar  to  those  formed 
on  the  basis  of  the  surveys ;  but  so  that  the  ^des  of  the 

^  Above,  b.  iL 
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fbrmer  may  be  to  tbos6  of  the  Utter  m  die  lelation  which 
the  feduction  to  be  made  tequii». 

When  the  sheets  oi  the  surveyB  are  orieni^s,  that  is  to 
njT)  when  on  eadi  dieet  the  diiectioii  of  the  meridian,  either 
the  true  or  the  magtietic,  haa  been  marked,  the  points  of 
each  plan  are  referred  to  die  meridian,  and  to  a  perpendicu. 
lar  bkought  on  that  line  by  a  point  common  to  two  ccnti* 
guous  plans.  The  distances  s^e  measured  from  all  the 
points  to  each  of  these  right  lines  parallel  with  the  other ; 
and,  ather  preserving  these  distances  as  they  were  found, 
or  redudng  them  in  the  rdation-  required,  they  are  brought 
on  the  meridian,  and  the  perpendicular  drawn  in  the  topo- 
graphical jdan  to  represent  those  whidi  are  common  to  the 
collected  plans.  This  method  of  constructing  graphically  Reduction 
the  general  map  after  the  plans  of  the  surveys,  has  given  ^^  ^^^^ 
rise  to  a  mechanism  of  reduction  known  by  the  name  of 
trdlis;  it  is  veiy  convenient  for  bringing  together  the  de- 
tails of  the  map,  but  should  not  be  used  for  fixing  the  posi- 
tion of  the  principal  points.  This  operation  consists  in 
divi£ng  the  plans  that  are  to  be  united  m  squares,  by 
lines  parallel  and  perpendicular  to  that  which  is  common 
to  those  plans ;  the  more  these  squares  are  multiplied,  the 
better  we  perceive  the  place  occupied  in  each  square  by  the 
points  and  turns  contained  in  it,  the  more  easy  also  it  is  to 
refer  them  to  the  corresponding  squares  traced  on  the  plan 
of  reduction  or  of  assemblage.  Fig.  46#  represents  this 
operation.  The  leaves  ABCD,  EFGH,  having  for  com- 
mon lines  the  right  lines  CD  and  EF,  are  divided  into 
squares,  the  sides  of  which  are  parallel  and  perpepdicular 
to  those  right  lines  ;  the  plan  of  assemblage  ahfcy  is  di- 
vded  in  the  same  manner,  with  respect  to  the  line  c  cf,  which 
represents  the  common  right  Hne,  but  the  sides  of  each  square 
are  the  halves  of  those  of  the  plans  ABCD,  EFGH,  so  that 
the  objects  marked  on  these  leaves  are  reduced  on  the  plan 
of  assemblage  to  a  half  of  their  former  dimensions,  and 
to  a  space  which  is  only  the  quarter  of  that  they  first  filled. 
To  reproduce  the  dedgn  traced  on  each  of  the  primitive 
plans,  either  it  may  be  imitated  at  sight,  in  the  correspond- 
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ing  squares  of  the  leaves  ABCD,  EFGH,  or  else,  for  more 
exactness,  marks  are  made  on  each  of  the  sides  of  the  latter, 
and  transferred  to  the  others.  If  we  wish  to  preserve  exactly 
the  designs  that  are  to  be  copied,  we  may  place  upon  them 
a. very  smooth  piece  of  glass,  andof  oqual  transparency,  on 
which  squares  are  traced  with  a  diamond,  and  afterwards 
two  perpendicular  lines  are  made  to  coincide  together  on 
those  which  are  to  serve  for  the  assemblage  of  the  collect- 
ed plans,  or  on  the  points  which  determine  them. 
Chorogra-       After  having  thus  formed  the  topographical  plans  by  the 
P  ic  maps,  assemblage  of  the  various  plans  of  the  surveys,  chorographic 
maps  are  formed  from  them,  not  only  by  assembling  the 
plans,  but  by  submitting  them  likewise  to  the  laws  of  the 
projection  that  has  been  adopted.     For  this  purpose,  the 
meridians  and  the  parallels  are  traced  on  those  plans  in 
right  lines,  as  those  circles  are  when  only  a  portion  infi- 
nitely small  is  considered.     The  corresponding  quadrilate« 
rals  are  also  described  on  the  frame  of  the  map  to  be  con- 
structed, but    conformably  to  the  laws  of  the    adopted 
projection ;  there  is  then  nothing  farther  but  to*  design  in 
these  quadrilaterals  what  is  contained  in  the  squares  com- 
prised between  the  meridians  and  the  parallels  of  the  topo- 
graphical plans.     If  we  wish  for   extreme  precision,   we 
take,  with  respect  to  the  sides  of  the  squares,  the  distances 
of  the  principal  points  inclosed  in  them ;  these  distances  are 
converted  into  subdivisions  of  the  degrees  of  longitude,  and 
similar  ones  are  taken  afterwards,  setting  out  from  the  pa- 
rallel and  the  meridian  contiguous  to  the  corresponding 
quadrilatersds  on  the  map. 
Of  plans         Two  circumstances  may  stop  the  geographer  in  this  ope- 
mtorktttes,  ration.     It  may  happen  that  the  topographical  plan  may 
a  scale.        ^^^t  be  oriefite,  or  having  been  so  by  the  direction  of  the  mag- 
netic needle,  only  we  do  not  know  what  was  the  declination  of 
the  compass  at  the  time  when  the  plan  was  taken  and  reduced. 
This  element  may  be  supplied  when  the  plan  contains  two 
points,  of  which  the  respective  position  is  known,  for,  by  join- 
iiighese  two  points  by  a  right  line,  we  have  the  angle  which 
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this  right  line  makes  with  the  meridian,  and,  consequently, 
we  may  fix  its  place  with  respect  to  the  meridian,  or  con* 
struct,  by  means  of  the  given  angle,  the  meridian  of  the 
plan.  One  may  recover  also,  by  similar  means,  the  scale  of  a 
topographical  map  which  is  wanting;  for,  knowing  the 
distance  of  two  points  of  this  map,  we  have  only  to  divide 
the  line  which  joins  those  two  points  into  parts  proportional 
to  the  itinerary  measures  contained  in  this  distance ;  then  it 
becomes  the  scale  of  the  map,  and  shews  the  respective  dis* 
tances  of  all  the  other  points. 

Chorographic  maps  are  reduced  into  general  maps  by  a  General 
process  analogous  to  that  we  have  just  explained ;  we  bring  "*?■• 
on  the  quadrilaterals  formed  by  the  meridians  and  the  paral- 
lels of  the  general  map,  what  is  contained  in  the  correspond- 
ing quadrilaterals  of  the  chorographic  maps  we  wish  to  as- 
semble. But  here  the  necessity  of  geographical  criticism 
Appears ;  here  it  is  that  the  designer,  quitting  the  humble 
part  of  a  copyist,  should,  by  his  knowledge  and  researches, 
and  especially  by  his  intelligence,  supply  the  imperfections 
of  topographical  data.  Sometimes  it  is  errors  he  has  to 
correct,  sometimes  deficiencies  to  fill  up ;  most  commonly 
these  two  inconveniencies  are  combined  together. 

It  may  happen  that,  in  the  topographic  plans  employed  Correction 
in  the  construction  of  chorographic  maps,  there  may  be  er-®^®"°"  °^ 
rors  common  to  all  the  points,  as  distances  top  small  or  too 
great  in  the  same -direction,  and  these  errors  may  have  been 
accumulated  on  the  chorographic  maps^  and  afterwards  on 
the  general  map ;  the  great  spaces  which  it  represents  are 
then  either  considerably  narrowed,  or  considerably  length- 
ened, without  the  geographer  himself  being  able  to  perceive 
it.  In  this  case,  the  geographer  will  connect  the  details  of 
the  general  map  with  the  difierent  points,  the  latitudes  and 
longitudes  of  which  are  known  by  astronomical  observa- 
tions ;  these  points  determine  on  the  map  spaces  into  which 
the  intermediary  details  will  necessarily  fit,  sometimes  the 
excess  or  defect  that  is  found  may  be  attributed  to  the  im- 
perfection of  the  mechanical  processes  employed  for  the  as- 


134  BOOK  SIXTH. 

semUage  of  the  maps;  1>ut  then  there  is  no  other  way  but 
to  divide  the  differences  among  ali  the  points  of  each  par^^ 
tiai  plan,  which  will  render  the  errors  lesa  s^isiblet 
Employ.  The  geograjj)^  unfortunately  is  but  too  c^ten  deprived 
nTra^^dis-'  ^^  astHHioinical  observations  and  trigonometrioal  survoya ; 
tances.  ih^re  are  only  a  few  countriesi  as  France;  England^  Den- 
loark,  HoUandy  and  Hungary,  which  hav^  been  surveyed 
tarigoaometricaUy  in  dieir  whole  extent;  there  are  atUl 
some  Eurc^pean  provinces  where  no  aatronomers  have 
been.  Geography  is  obliged  therefore  to  have  recourse  to 
Uinercirtf  dktance^,  always  very  difScult  to  estimate  in  a 
rigorous  way,  even  when  we  know  exactly  the  value  of 
the  measures  in  which  they  have  been  calculated.  This 
science  is  as  j^et  very  little  advanced,  either  on  aooQunt  of 
th^  immense  number  of  measures  to  be  compared,  or  on 
accpont  of  the  variaticms  to  which  they  are  subject,  or,  fi« 
nally,  with  respect  to  many  ancient  measures,  because  the 
authentic  modules  are  wanting '. 
y aiuatbn  We  have  already  seen  that  there  ar^  various  opiniona  on 
pf  measuzee.  ^^  i^anner  of  estimatmg  the  itaiia  of  the  ancients,  and  that 
U  is  still  doubtful  if  they  should  be  conridered  as  astrono^ 
mical  modules  or  local  measures*  We  find  in  the  andents 
one  passage  in  three  which  does  not  allow  us  to  admit  Che 
first  fupposition,  unless  by  adopting  the  most  violent  and 
innumerable  correcticmsS  or  bj  the  admissum  of  an  imi^ro* 
babie  mixture  of  di^erent  stadia ;  in  the  second  hypothesis, 
which  to  us  appeara  preferable,  we  do  not  yet  p^oeive  the 
basis  fr(»n  which  to  set  out }  we  are  cm  the  right  road  but 
surrounded  with  profound  darkness.  However,  this  obscurity 
ia  better  than  the  false  glimmer  of  an  hypothesis  void  of 
proof;  ^nd,  be^<l^f  ^by  should  we  be  surprised  at  the 


*  Trak^  des  Me^ures  Itio^raires  des  Andens,  par  d'Anville.  Observations, 
&C.  par  Goaaeliny  en  avsnt  de  la  traduction  Franfaiae  dc  Stiabon.  TwU  des 
Mesiues,  par  Aome  de  Vlsle.  Metrologie  coostitutiQDneUe,  par  Paucton. 
Traite  des  Monnaies,  des  Mesures,  &c*  par  Gerard  Kruse,  ea  AJlemand*  See 
the  Tables  ^t  the  end  of  this  Volume. 

!^  See  the  Notes  of  the  French  Translation  of  Strabo* 
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dawbto  Ki  whiA  smitmi  metroiogy  is  enveloped,  when  we 
kiMiw  A&t  evm  iMdfirA  xBessuim  precent  cases  in  whidi  it 
ia  di^Bouit  Iq  vfMhice  tkem  ?  TTudoiifaledlj  we  know  exaetiy 
the  99l«t«9P8  of  the  iiirami:es  most  commonly  used  in  eapi- 
til  tpwm^  md  fiitedin  the  woricB  of  the  learned :  we  know,  # 
fiw  ew0ipk^  the  value  of  the  English  pile,  and  of  the  nwi- 
tical  nikt  the  degree  of  the  wcridiaa  cofitainnig  69  of  the 
Ibmer  and  60  of  the  latter;  we  know  also  that  the  Eng- 
lish fiaolb,  betas  equal  to  0^9884  of  the  Fiench  foot,  is  11 
inchca  3  hoe^  1,  and  that  &e  yard  used  in  England  for 
measuring  «hart  distances  ia  three  feet  English ;  we  cpnse- 
quMtly  conflifde  (hoi  the  yard  represents  8S  inches,  9 
linesy  3  of  France.  Simaiar  reductions  give  the  ineans  of 
QoaKfttvtiiig  into  each  other  the  measures  gencfally  ia  use  in 
great  states;  but  thene  are  besides^  in  the  provinces,  local 
meaanrefl  little  known^and  with  nsspect  to  which  muhi(died 
reaeacches  muat  be  made  to  obtain  their  rdation  with  the 
others,  either  by  comparing  their  oomponents  with  the  best 
fixed  unities,  or  by  setting  out  fiiom  some  distanoe.valued 
in  local  OKasure,  and  known  in  gaographicdi  measttrbs.  In 
France,  for  example,  nothing  fiovmerly  varied  morcy  than 
the  leDgth  of  a  league  between  one  proviace  and  another. 
The  porch  even,  whidi  serves  for  surveyings  wassomeliiiaes 
3S  feet,  aometimes  only  18w  The  new  metrical  system  will 
prevent  any  such  confusion  in  future  K 

When  we  know  the  value  of  the  measures  in  whidi  an  Tracing  of 
itinerary  is  conceif  ed,  the  diroction  of  the  rotate  is  marked  ^^^ 
after  the  points  of  the  compass.  When  we  have  the  l^i^h 
and  the  direction  of  a  route,  setting  off  from  a  point,  |he 
podtioB  of  which  is  given,  we  very  easily  find  that  of  the 
point  where  this  route  terminates.  In  the  first  place,  when 
the  route  is  not  conuderable,  one  may,  in  the  space  it  tra- 
verses, negiect  the  curvature  of  the  earthy  that  is  to  say^con- 


'  Since  tills  was  written,  M.  Uckert,  a  piofessor  at  Gotha,  has  attempted  to 
pvove,  in  a  leamed  tnaniMr*  that  llie  ancients  only  used  one  Idnd  of  tiatUum^ 
that  of  Olympia*  and  that  all  the  differences  and  contradictions  in  point  of  mea- 
sufss  proceeded  from  the  imperfect  means  they  were  obliged  to  empli>y.     Ed. 
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sider  the  meridians  as  parallel  with  each  other,  land,  cdnde- 
quently,  the  points  of  the  compass  as  right  lines.     To  ctm- 
struct  this  route  on  a  flat  map,  it  is  then  sufficient  to  draw, 
through  the  point  of  depariurej  a  line  which  may  madce 
»    with  the  meridian  of  this  point  an  angle  equal  to  that  which 
the  point  of  the  compass  followed  gives,  and4o  carry  dn  that 
line  a  numba:  of  parts  of  the  scale  equal  to  that  of  tike  ifti- 
nerary  measures  gone  over :  Ae  point  where  these  parts 
terminate  will  be  the  paint  i^cnrival.     Calculation  may  al- 
so be  substituted  for  construction ;  if  from  the  extremity  of 
the  route  gone  over  we  bring  down  on  the  meridian,  which 
pa$ses  by  the  other  extremity,  a  perpendicular,  a  rectan^ed 
triangle  will  result,  in  whidi  the  part  of  the  meridian  inter- 
cepted between  the  point  of  departure  and  the  perpendicular 
brought  from*  the  point  of  arrival  will  indicate  the  distance  of 
these  points  taken  on  the  line  north  and  south,  or  thedifPer- 
ence  of  latitude  expressed  in  itinerary  measures ;  which  are 
afterwards  reduced,  according  to  their  value,  into  deg]%es  of 
the  meridian.     And  the  perpendiicular  will  express  the  dis- 
tance of  these  same  points  taken  on  the  line  east  and  west, 
which  is  confounded  in  this  case  with  the  difference  of  lon- 
gitude expressed  in  itinerary  measures.     If  we  wi^  to  con- 
vert  it  into  degrees,  we  must  divide  it  by  the  number  of 
those  measures  which  a  degree  of  the  parallel  of  the  point 
of  departure  ough't  to  contain,  or,  If  we  wish  fw  still  more 
exactness,  by  the  number  of  measures  comprised  in  a  de- 
gree of  the  parallel  which  holds  the  middle  between  that 
of  the  point  of  departure  and  that  of  the  point  of  arrival. 
All  this  operation  is  nothing  but  dividing  the  number  of  the 
itinerary  measure9  by  the  cosines  of  th^  latitude  of  the  mean 
parallel. 
To  find  the     A  second  question  may  present  itself,  in  the  case  where 
direction  of^j^^  direction  of  the  route  is  not  known;  the  latitude  of 

a  route.  i      •  i    /• 

the  point  of  arrival  is  then  substituted  for  it.  The  con- 
struction on  the  flat  map  consists,  in  this  case,  in  drawing 
through  its  latitude  the  parallel  of  the  point  of  arrival ;  in 
taking  on  the  scale  of  the  map  the  number  of  measures  as- 
signed to  the  distance  gone  over,  and  to  describe  with  this 


curve  of  B 
route. 
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distance  as  radius,  and  from  the  point  of  departure  as  cen- 
tre,  a  circle  which  will  cut  in  the  point  of  arrival  the  paral- 
lel jx^viously  drawn.  If  we  wish  to  resolve  this  question 
by  calculation,  we  must  convert  into  itinerary  measures  the 
difference  of  latitude  between  the  point  of  arrival  and  the 
point  of  departure ;  we  have  then  in  the  rectangled  triangle 
formed  by  the  meridian  of  the  point  of  departure,  the  per- 
pendicular let  down  from  the  point  of  arrival  and  the 
route,  two  known  sides,  namely,  the  length  of  the  route, 
or  the  hypothenuse,  and  the  part  of  the  meridian  comprised 
between  the  point  of  departure,  and  the  perpendicular  of 
the  point  of  arrival :  by  calculating  the  length  of  this  per- 
pendicular, we  find  the  distance  of  the  points  of  departure 
and  of  arrival,  taken  on  the  line  east  and  wesiy  whence  we 
conclude,  as  above,  the  difference  of  longitude. 

When  the  route  gone  over  is  of  a  considerable  length,  it  Spherical 
beo(»nes  necessary  to  take  the  curvature  of  the  earth  into 
account  The  construction  of  the  two  preceding  problems 
requires,  with  respect  to  the  reduction  of  leagues  gone  over 
in  the  direction  easi  and  we^t^  in  degrees  of  longitude,  the 
employment  for  the  tables  for  measuring  latitudes,  which 
contain  the  results  of  the  trigonometrical  calculation, 
by  which   the  case   may   be  resolved'^.     For   the  first 


">  We  hare  seen  above,  (p.  120.)  that  it  is  only  by  the  help  of  the  intend 
cdcnlus  that  we  can  anive  at  the  exact  construction  of  the  tables  of  incieas- 
iog  latitudes ;  but  geographers  oommonly  make  use  of  a  very  simple  approxi- 
malive  means  to  reduce  the  eurve  to  a  tigbt  line,  by  eonsidering  the  route  gone 
overas  divided  into  parts  small  enough  to  be  regarded  as  right  lines.  In  £Kt, 
siooe  the  points  of  the  compass  cut  all  the  meridians  under  the  same  angle,  we 
may  conceive  that,  through  the  extremities  of  all  these  subdiviaons,  may  be 
brought  meridians  and  parallels ;  thus  will  be  formed,  on  each  of  these  parts,  a 
xectan^fid  triangle,  in  which  the  sides  of  the  right  angle  will  be  the  differences  of 
latitude  and  longitude,  and  the  part  of  the  route  gone  over  will  form  the  hypo- 
thenuse. But  recdlinear  trigonometry  supplies  the  means  of  calculating  this  tri- 
angle, sinte  we  know  the  hypothenuse  and  an  angle.  I^et  ABC,  Fig.  47.  be 
cue  of  these  triangles ;  we  shall  have  by  the  prindples  of  rectUiuear  trigonome- 
try, AB  :  AC  :  :  I- :  cos.  BAC ;  whence  we  shall  conclude  AC  =  AB  cos. 
BA.C  Now,  as  the  angle  BAC  is  the  same  with  refpect  to  all  the  meridians 
which  traverse  its  route,  each  difference  of  latitude,  from  one  small  triangle  to 
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question  in  which  the  direction  of  tiie  route  is  known,  afiar 
having  obtainedy  as  above,  die  latitude  of  the  point  oi  ar* 
rival,  we  must  take,  in  the  table  of  increaaag  latitiides»  the 
difference  of  the  numbers  which  answer  to  this  latitude, 
and  to  that  of  the  point  of  departure;  it  must  be  nuiki*. 
plied  by  the  tangent  of  the  angle  oorresponduig  to  the  point 
of  the  compasi^  and  the  result  will  be  die  dj£Eerence  of  lon- 
gitude expressed  in  nunutes  of  a  degree.  In  the  seoopd  i]uesr- 

tbe  other,  wDl  offer  the  sam^  factor,  ivn4  the  mm  of  all  these  difoeno^i,  wbk^ 
IS  evidently  the  total  difierence  in  latitude,  between  the  point  of  departure  and 
the  point  of  arrival,  most  be  e^uai  to  the  turn  of  the  portiom  qfthe  route,  diat 
is  t»  flay,  to  the  total  length  tflMt  romU^  imOtipUed  hy  ihe  ooAoe  of  the  angle 
rnhkhUedkncOmJoni^wUk^meiiMa^  We  shill  be  in  llie  same  case  m 
when  we  ne^eet  the  curratore  of  the  earth*  and  the  sanae  nieaos  must  be  fni<- 
ployed  to  reduce  the  route  to  degrees. 

If  we  now  wish  to  know  the  difference  in  longitude  corresponding  to  B  C,  it  is 
byBwansofthehmtode  AC  that  wecanealeolateit.  Wt  shaH^ltave  Ae  propor. 
tiaii  AC :  BG :  3 1 :  tang.  BAC,  ham  wbidi  we  phaU  iWMMe»  BOssAB 
tang.  BAG.  To  know  how  much  this  difference  makes  in  alii]«ot  parts  of  the 
equator,  we  shall  design  by  L  the  latitude  of  the  parallel  under  which  is  situated 
the  point  A,  and  we  shall  have  this  proportion,  BC  :  x  (or  to  ibe  corresponding 
pwt  of  the  ipe/tiat)  i  t  oos,  L  i   1,   which  we  eaa  traosfinm  into  Uns; 

BC 

*  = J-  9  and  if  we  put  m  the  place  of  BC  its  value,  which  we  found  above, 

AC 
this  piopoKliea  wili  result  t  ihi  i^^Sfrenee  in  longitude  =;;;^7T  '  **■€•  BAC. 

We  shall  obtain,  therefore,  Ae  sum  of  all  these  small  differences  of  longitude 
resulting  firom  each  part  of  the  route,  if  we  multiply  by  the  constant  fiictor 
tang.  BAC,  the  sum  of  aQ  the  values  represented  soecnsivdy  by  tlie  hetat 

j-i  changing  for  each  portion  of  route. 

liOt  us  now  conceive  all  dMse  portions  so  smaU  Aat  die  Hiftiwwp  AC 
is  equlvnlent  lo  1'  of  a  great  elide  of  a  globo^  and  let  us  ohseirva  tei 

1' 

ns  sec.  L.  we  may  substitute  to  that  expression  this  :  the  d\fftrence  in 

UngUnde  wmV  %  sect  L.  tang.  BAC ;  then  we  diall  find  the  sum  of  the  fac- 
tors 1'  X  sect*  L  By  adding  all  the  secants  from  mianie  to  minute,  fiwm  the 
of  the  point  of  departure  to  that  of  the  poim  where  tlie  rente  termi- 


As  the  arc  of  1'  is  not  rigorously  a  right  line,  the  process  is  ooly^approu- 
mative ;  if  we  wish  to  render  it  more  exact,  by  taldng  the  secanta  from  second 
to  seccod,  we  should  fidl  into  extremely  long  and  ftstidious  opentkn^  It  is 
to  the  integral  cakuUtion  therefore  we  must  have  recourse.  See  the  exodient 
Tratte  de  Navig.  of  M.  Dubouiguet,  b.  i.  chap.  3  and  4,  &«. 
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tioQy  the  angk  of  tba  pcwt  of  the  compaMi  is  not  j^ven ; 
but  it  may  be  calcubtod  by  the  differenc?  of  latitude  re- 
duced into  leagueni  and  by  the  cour8e»  which  aire  then  the 
data;  thigiibfferenoa  of  longitude  U  afifeerwards  concluded 
by  the  rule  fiivt  indicated^  Supposing,  for  example,  that 
a  Teasel  pet  put  from  a  point  situated  at  4S^  9  of  north 
latitude,  has  gone  2$8  marine  leagues  to  the  north-east  | 
ein$t ;  W9  remark  in  the  first  place,  that  this  point  of  the 
compass  forms  with  the  meridian,  on  the  east  side,  an 
ang^a  of  66^  ld'9  and  we  thence  conclude  that  the  route 
answers,  on  the  line  north  and  south,  to  140  leagues; 
which  gives  7"*  of  difference  towards  the  north.  As  this 
difference  is  of  the  same  denomination  as  the  latitude  of 
the  point  of  departure,  it  must  be  added  to  the  latter,  to 
obtain  that  of  the  point  of  arrival,  which,  oonse<][uent]y, 
must  be  49"^  3'.  We  then  look,  in  a  table  of  increasing  la^ 
titudes,  for  the  number  which  answers  to  49°  S',  namely, 
S386,7 ;  then  for  that  which  answers  to  42°  S',  and  which 
i3  2785,8,  and  we  take  the  difference  =:  000"  9 ;  to  the  lo- 
garithm of  this  difference  is  added  that  of  the  tangent  of  66° 
15',  the  angle  of  the  point  of  the  compass,  and  the  result 
which  answers  to  899"^  or  to  14°  SS',  is  the  difference  of 
longitude  towards  the  easL 

These  rules  can  on]y  lead  to  exact  results*  in  so  far  as  Enon  ot 
they  are  applied  to  data  exempt  from  error.    But  this  is^^!^^ 
not  always  the  case,  especially  in  ancient  geography,  and 
even  in  modern  travels  down  to  the  16th  century.    In  the 
first  place,  the  direction  of  the  route,  often  ill  observed  by 
land,  is  still  more  so  at  sea.     If  it  has  been  marked  accord- 
ing to  the  rising  of  the  sun^  the  diversity  of  the  seasons 
often  renders  it  uncertain ;  if  it  be  indicated  according  to 
the  compass,  it  may  be  affected  by  the  variation  of  the 
needle,  which  has  not  been  always  observed.     Navigators 
were  exposed  to  another  cause  of  error.  They  did  not  allow  for 
the  afigle,  which  the  real  route  of  the  vessel  forms,  with  the 
direction  of  its  keel,  wherever  the  vessel  receives  the  im- 
pulaon  of  the  wind  sideways ;  for,  in  this  case,  a  part  of 
thb  force  tends  to  push  it  out  of  this  jroute,  while  it  is  kept 
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in  it  only  by  the  action  of  the  rudder,  and  by  the  great 
resistance  which  the  surrounding  fluid  opposes  against  its 
sides.     This  angle,  rather  diflicult  to  determine,  was  ge- 
nerally neglected  by  the  navigators  of  preceding  ages. 
There  are  also   great  uncertainties   in  the   measure  of 
the  distance  gone  oyer.     The  ancients  were  in   the  habit 
of  reckoning  it  by  the  number  of  days  of  a  march,  or  of  a 
voyage,  and  we  have  seen,  in  the  history  of  geographical  dis- 
coveries, how  difficult  it  was  to  fix  the  value  of  those  days, 
which,  expressed  in  different  or  vague  terms,  must  always 
vary  according  to  times,  seasons,  regions,  the  mode  of  tra- 
velhng,  and  the  size  and  form  of  vessels.     Even  the  most 
learned  combination  of  oil  these  circumstances,  only  procures 
us  mean  values  the  more  probable,*  as  a  greater  number  of 
Sinuosity  of  sure  and  authentic  facts  have  been  combined.  Geogn^hers 
the  route,     j^^^^^  thought  that  by  studying  and  estimating  the  sinuosi- 
ties of  ro^ds,  in  countries  intersected  by  mountains  or  by 
considerable  streams  of  water,  and  also  in  plains,  we  might 
arrive  at  general  principles  on  the  augmentation  of  length 
which  these  windings  occasion,  and  which  of  course  must  be 
subtracted,  if  we  wish  to  reckon  the  distances  on  the  same 
line.  The  Arabian  geographer,  Al-Biruni,  concluded  that,  in 
the  East,  itinerary  distances  should  in  general  be  reduced 
a  fifth  °.     D'Anville  finds,  on  the  contrary,  that  in  Italy 
and  Egypt,  and,  in  general,  in  the  world  known  to  the 
Romans,  we  need  only   deduct  an  eighth  °      The   very 
nature  of  the  question  evidently  renders  a  general  solution 
impossible. 
Value  of        We  may  say  the  same  of  the  discussions  which  have  at- 
^ys  of       tempted  to  fix  the  value  of  days  of  marching  and  sailing. 
When  Herodotus  p  fixes  a  day^'s  sailing,  during  the  day, 
at  700  stadia,  while  Scylax  •>  only  admits  500,  it  may  be 
right  to  consider  this  difference  as  merely  the  result  of  the 
employment  of  stadia  of  a  different  value ;  that  of  Scylax 

"  Al-Biruni,  ap  £dw.  Bernards,  de  Ponder,  ^t  Mens. 

**  D^Anvtlle  Consider,  sur  la  Geog.  4i4-..4>7.        p  Herod,  iv.  46. 

^  Scylai  Pcri|Jl.  p.  30.  ed  Vos. 
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being,  probably  very  near  the  stadia  of  888  to  a  degree,  .and 
that  of  Herodotus,  being  the  Egyptian  stadium  of  1111  to. 
a  degree,  ancient  measure.     But  the  Greek  geographers 
themselves  have  expressly  informed  us,  that  their  days  of. 
navigation  varied  according  to  the  places,  times,  and  means 
employed '. 

The  combinations  that  have  been  made  of  such  maritime, 
distances ',  should  therefore  be  considered  only  as  approx- 
imative, and  in  no  respect  superior  to  the  data  which  re- 
sult from  the  physical  and  historical  descriptions  of  coun- 
tries that  have  been  visited. 

How,  Indeed,  could  we  expect  to  fix  the  value  of  the  Errors  of 
ancient  days  of  navigation,  when  it  is  notorious  that  we^*™*^°" 
hardly  know  that  of  the  navigators  nearest  our  own  times  ?  tion. 
The  ordinary  means  for  estimating  distances  at  sea,  are. 
still  subject  to  much  uncertainty.  To  estimate  the  distance, 
gone  over  by  a  vessel,  requires  a  knowledge  of  the  effect 
of  currents,  which  act  at  once  on  the  vessel  and  on  the  loff, 
which  siulors  throw  into  the  sea,  and  which  serves  as  a  fix- 
ed point  for  them,  from  which  they  couo^t  hpw  much  they 
advance  in  a  given  time,  commonly  half  a  minute.  This, 
motion  is  measured  by  means  of  a  cord  divided  by  knpts,  the 
interval  between  which  answers  to  the  130th  part  of  the  hour. 
But  when  the  vessel  and  the.  log  are  subjected  to  the  action 
of  the  same  current,  the  distance  by  which  the  vessel  ex- 
ceeds the  log,  only  indicates  the  relative  quickness  of  the 
ship  with  respect  to  the  current ;  and  we  have  still  to  deter- 
mine the  velocity  which  this  current  impresses  at  the  same 
time  on  the  log  and  on  the  vessel  Such  is  the  principal, 
origin  of  the  differences,  often  very  considerable,  between 
the  place  where  pilots  think  they  are,  according  to  the  esti* 
mate  of  their  routes,  and  that  where  the  vessel  really  is.  In 
consequence  of  these  errors,  the  lands  discovered  by  the  Ma- 
gellans,  the  Mendanas,  the  Quiros,  have  been  so  ill  placed  in 
longitude,  that  geographers  have  had  great  difficulty  to  ascer- 

'  Ftolemee,  Goog.  i.  c.  g.    Msrcian  HeracL  p.  67,  (torn.  i.  Geog.  Minor.) 
■  See  the  authors  cited  in  the  tables  of  this  volume. 
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Ezamptft  tAin  them.  We  have  seen,  if  we  may  say  so,  Sdomon's 
Solomon's  i^i^s^  60  remarkable  for  their  beauty  and  riches,  and  for  th^ 
^^^'  detailed  description  of  them  by  their  first  discoverar  Men* 
dana,  floating  through  near  a  quarter  of  the  circumference 
of  the  glebe.  None  of  the  navigators  who  went  over 
these  parts  after  him,  beginning  with  Quiros,  his  cbrnpanion, 
and  who  followed  him  immediately,  could  break  the  charm 
which  seemed  to  forbid  to  mankind  the  access  to  a  land 
which  the  imagination,  stimulated  by  obstades,  clothed  in  the 
most  brilliant  colours.  Mete  sober  minds  began  to  doubt 
their  existence;  when  Dalrymple  and  Fleurieu  showed^ 
that  they  must  be  identical  either  with  the  New-Britsin  of 
Dampier,  or  with  tJie  land  of  die  Arsackies,  and  the  ad- 
jacent ialea  visited  by  Bougainville  and  Surville.  In  the 
latter  hypothesiB,  the  latitudes  first  asiigned  to  them  were 
not  very  exact ;  but  the  currents  which  go  from  east  to 
.  west,  in  the  great  ocean,  had  accelerated  vary  mudi,  with« 
out  his  being  able  to  perceive  it,  the  vessel  of  Mendaaa, 
who  reckoned  himself  to  be  only  1600  Spanish  leagues,  or 
about  1700  marine  leagues  of  Prance,  from  the  coasts  of 
Peru,  when  he  was  really  near  8,400* 

Since  the  frequent  observation  of  longitudes  has  permit- 
ted a  comparison,  in  many  points,  of  the  distance  estimated 
with  that  really  gone  over,  navigators  who  have  sailed 
roimd  the  world,  have  collected  and  multiplied  very  im. 
portant  data  on  the  velocity  of  currents  in  the  various  seas 
of  the  globe  \ 
Employ.        Astronomical  observations,  trigonometrical  surveys,  and 
mentof  an-  iiinerarv  distances,  are  the  tiiree  elements  of  every  map 
entirely  otiginM.    But,  commonly,  we  do  not  find  these 
three  elements  completely  united,  especially  for  countries 
*     remote  from  Europe ;  we  are  therefore  reduced  to  repeat 
what  other  geographers  have  published  with  respect  to  the 
parts  cm  wbich  we  have  no  new  information.    Hete  again 
the  geographer  requires  great  sagacity. 

*  Voyage  of  Captain  Matchand,  drawn  up  by  Flenri^u. 
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When  he  has  established  the  agreement  of  the  mea- 
Mveai  or  scales  employed  in  the  yarious  maps  which  he 
wishes  to  analyse  and  discuss,  he  is  enabled  to  construct 
a  scale  Ibr  those  that  have  ncHie,  provided  the  latitude 
and  longitude  of  any  point  whatever  of  those  maps  beCompuiMo 
kiK>wn  to  him,  either  immediately,  or  by  their  distances 
from  given  points.    He  oan,  consequently,  compare,  by  the 
positions  which  they  asmgn  to  those  same  places^  the  maps 
which  represent  the  same  regions;  and  this  manner  of  pro- 
f^kag^  is  at  the  same  tune  the  surest  and  most  commo- 
dious, as  it  facilitates  the  observation  of  the  differences 
resulting  from  projections.     If  the  geography  finds  the 
some  point  [daeed  under  diierent  kn^tudes  and  lati- 
tudes in  several  maps,  to  appreciate  these  different  data,  he 
must  examine  how  these  maps  ptcsent  other  essential  cir- 
cumstances ;  it  is  then  that  he  should  compare  the  respec- 
tive situations  of  places  with  respect  to  determined  astro- 
nomical points,  and  that  he  ought  to  scrutinize  minutely 
the  configuration  c^  shores,  the  traoe  of  rivers,  of  chiuns  of 
mountains,  and  of  high  roads,  and  the  indication  of  the 
limits  of-  territory.    A  similar  examination  teaches  him  in 
what  his  maps  differ,  and  in  what  they  i^ree ;  he  is  left  to 
choose  between  them.     The  latitudes  less  difiicult  to  ob- 
serve than  the  loi^tudes,  are  generally  better  fixed  on 
maps,  drawn  acoording  to  the  relations  of  travellers  of  rather 
andent  date.    The  common  defect  of  mi^,  anterior  to 
D^Anville,  is  to  augment  much  the  distances  of  places  in 
the  direction  eaai  ^d  west    The  farther  the  pcxnts  inComnMo 
questicm  are  from  the  principal  meridian,  according  to^^" 
which  the  longitudes  of  the  others  have  been  determined* 
the  more  considerable  th^se  errors  become.    This  strike 
the  least  skilful  eye  m  the  maps  of  Ptolemy,  with  respect 
to  ihe  differences  of  longitudes  which  they  give  between 
Alexandria  and  the  other  towns  situated  on  the  borders  of 
the  Mediterranean.     The  absurd  opinion  whidi  places  Se- 
na in  China,  and  other  similar  errors,  are  only  due  to  the 
false  exten»on  of  Ptolemy*s  maps  in  the  direction  of  longi- 
tude.    But  we  are  indebted  to  this  same  fault,  repeated  in 
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the  maps  of  the  middle  ages,  for  the  fortunate  error  on  the 
extension  of  the  islands  of  Japan  to  the  east,  which  gave 
Christopher  Columbus  courage  to  cross  the  Atlantic. 
The  maps  of  Sanson,  Jaillot,  and  others,  formed  at  the 
.  end  of  the  17th  centiu*y,  and  admired  by  some  bibliomani- 
acs,  likewise  dilate  all  the  coimtries  in  the  direction  of  the 
longitudes  ".  Such  maps,  however,  afford  useful  materials, 
when  the  positions  are  corrected  in  the  direction  eaM  and 
westy  by  shewing  propcH^tionally  to  the  distance  from  the 
principal  meridian,  the  differences  between  the  longitudes 
which  these  maps  give,  and  those  which  result  from  the 
new  determinations. 

Too  often  the  geographer  has  no  decisive  reason  for 

choosing  between  the  different  positions  assigned  to  the 

same  place  by  several  maps.    Surrounded  by  uncertainties, 

.  he  has  only  then  to  take  the  middle,  according  to  the  rules 

of  arithmetic,  between  the  latitudes  on  one  side,  and  the 

longitudes  on  the  other,  as  they  are  ^ven  by  the  maps. 

He  then  places,  on  that  which  he  wishes  to  construct,  the 

principal  points,  according. to  a  reduction,  the  process  of 

tion  of  dis-  ^hich  it  would  be  superfluous  to  indicate.     Sometimes  the 

rordant  di8-g^Qgj.j^pjjgjj,  is  obliged  to  coihpare  maps  of  detail  by  the 

distances  they  give  between  the  i^ame  places,  distances 
which  have  been  most  frequently  the  elements  for  the  con- 
struction of  those  maps,  and  which,  for  this  reason,  it  is 
often  essential  to  ascertiun.  He  may  then  choose,  on  each 
of  those  which  he  wishes  to  compare,  two  corresponding 
points,  determined  with  exactness,  and  from  which  he  can 
measure  the  distances  to  all  the  others.  All  these  distances 
being  brought  to  one  single  scale,  he  traces  on  the  paper  a 
line,  which  represents  the  distance  from  the  two  principal 
points,  according  to  the  scale  he  employs.  On  this  line, 
serving  for  base, .  he  describes,  with  the  distances  drawn 
from  each  map  ip  particular,  triangles,  the  summit  of  which 
answers  to  the  place  assigned  by  each  of  these  maps  to  the 

■  D*AnviUe,  ConsideratioDS,  p.  1 1>  sqq* 
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points  he  Examines.  Two  different  determinations  of  the 
same  point  being  joined  by  a  line,  the  mean  position  will 
be  found  on  the  middle  of  this  line.  Three  determina- 
tions give  a  triangle,  and  a  greater  number  constitute 
a  polygon.  In  these  cases,  the  mean  position  is  found 
by  seeking  the  centre  of  gravity  of  the  area  of  this 
polygon^  its  angles  being  conndered  as  masses  equal  to 
unity*  This  is  not  the  place  to  ^ve  the  demonstration 
of  this  rule,  founded  on  the  principles  of  statics,  and  on 
the  theory  of  mean  values ;  we  may,  however,  be  allowed 
to  remind  the  reader  that,  in  the  case  of  a  triangle,  the 
centre  of  gravity  is  at  the  intersection  of  the  right  lines, 
drawn  from  the  summits  of  two  angles,  to  the  middle  points 
of  the  opposed  sides.  This  easy  construction  only  is  want- 
ed in  the  most  ordinary  case,  when  there  are  only  three 
determinations.  The  mean  distances  from  one  point  to  two 
others,  the  position  of  which  is  given,  being  once  fixed,  it  is 
easy  to  determine  the  latitude  and  longitude  of  this  point, 
and  to  phice  it  afterwards,  by  their  means,  on  the  map  to 
be  constructed,  whatever  be  its  projection.  When  the 
combined  points  embrace  a  space  so  little  extended  that 
the  projection  is  not  sensible,  the  labour  is^ibridged  by 
transporting  to  the  map,  by  means  of  the  treUis,  the  re- 
sults of  these  comparisons. 

The  mathematical  elements  of  a  map  being  determined, 
it  still  remains  to  introduce  into  it  the  historical,  poUtical, 
and  physical  details,  of  which  its  extent  and  object  ren« 
der  it  capable. 

The  objects  of  common  geography  require  the  employ- Geogmphi. 
ment  of  only  a  small  number  of  agns,  easily  understood,  and  ^  "**■• 
the  sense  of  which  was  explained  by  ancient  geographers, 
in  a  legend  placed  on  one  of  the  sides  of  the  map ;  a  cus- 
tom which  ought  to  be  resumed  in  elementary  atlaHses. 
These  signs  indicate  the  position  of  places,  and  are  modi- 
fied according  to  the  impcnrtance  of  these  places,  and  the 
rank  which  they  occupy  in  civil,  mihtary,  or  eccleinastical 
government.     When  we  ifrish  to  measure  distances  on  a 
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miqp,  we  must  remark  the  vary  small  cirde  or  cipher, 
which  is  either  adjacent  to^ot  inscribed  in  eadi  of  those  signs, 
because  it  is  the  central  point  of  this  dbrcle  which  fixes  the 
geographical  portion  of  the  place.   When  the  map  descends 
into  a  great  detail,  the  principal  features  of  the  }dan  of  large 
towns  are  expressed,  and  then  care  should  be  taken  to  mark 
on  this  plan,  that  point  to  which  the  geographical  poation  is 
referred,  A  umple  line  shews  the  course  of  small  streams,  and 
th^  two  banks  are  indicated  separately,  only  when  the  di- 
mensions of  the  bed  of  the  river  can  be  appredated  by  the 
scale  of  the  inap ;  which  is  most  frequently  at  the  numth, 
or  at  places  where  the  stream  is  dotted  with  islands.    The 
fea  shcnres  are  indicated  by  a  very  clean  line^  bordered  with 
hatchings.    In  geographical  maps,  these  hatchings,  exterior 
with  respect  to  the  land,  may  be  conceived  to  represent  the 
undulations  of  the  sea  on  the  coasts ;  while,  in  marine  maps, 
the  hatchings  done  on  the  land,  paint  to  the  eje  the  accU- 
*vity  of  the  coast*    Navigable  canals  are  represented  by 
straight  lines  joined  angularly,  which  distinguishes  them  suf- 
ficiently from  natural  streams  of  water,*  indicated  by  un* 
dulating  lines,    Boads  are  often  marked  by  two  fine  paral- 
lel strokes,  ^ometimefrby  ample  lines,  continuous,  or  punc- 
tuated ;  the  latter,  however,  are  most  commonly  reserved 
for  marking  the  limits  of  states  and  thar  provinces,  and  fi;^ 
this  purpose  the  size  and  form  of  the  points  are  varied. 
lUuminR-       To  raider  more  striking  those  political  divisions,  which  so 
^'^         often  form  an  absiud  contrast  with  natural  limits^  the  mo- 
notony of  the  engraving  is  relieved  by  varied  colours. 
Some  German  geographers  have  preserved  the  andent 
French  method  of  spreading  the  same  tint  over  a  whole 
re^cm,  which  they  wish  to  distitiguish  from  others.     This 
mode  of  illuminating,  hAs  perhaps  less  elegance  than  that 
used  now  in  France;  but  it  has  the  advantage  of  shewing 
better  the  extent  of  regions,  and  the  form  of  their  limits ;  it 
should  be  adopted  in  every  elementaiy  atlas. 

Some  teachers  think  also,  with  reason,  that  the  old  mai^ 
ner  of  mdicating  the  towns  by  little  towers,  multiplied  and 
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modified  acooiding  to  the  rimk  of  tbe  place,  was  ptfdEerable 
in  geiieral  maps^  to  the  mode  prescribed  in  the  Depot  de  la 
Guerre^  whkh  txmaists  m  representing  every  object  on  a 
geometrical  plain  ^ ;  a  system,  the  rigeiXMis  i^jdication  of 
which,  intHir  opinioo,  should  be  reserved  for  topographical 
and  chorograpUcal  maps. 

We  cannot  pass  over  in  silence  a  point  of  wluGb,among  the  Ortbogn^ 
Erench,  D'AnviUe  v  alone  felt  the  importance  ;  this  is  the^ei. 
orthqgr^phiGal  exactness  of  the  naknes  in  maps.  Good  sense 
dictates  tbe  rule  of  writing  each  geographical  name,  as  near 
as  possible  to  what  is  used  in  the  country  it  belongs  to, 
and  to  what  is  pomted  out  by  sound  etymology.  A  cor* 
nipted  orthography  should  only  be  admitted  when  the  right 
one  would  not  be  understood  by  ^e  gene'raiity  of  readers* 
Thus,  it  is  c^ijinly  wrong  to  Write  NatoRoy  instead  of 
AncUoiMj  which  is  required  by  the  Greek  etymology,  or 
Dimrnenuu^^  with  the  German  oooaonant  ck^  in  place  of 
Danenmrky  which  is  confismiabie  at  once  both  to  the  genius 
of  the  French  tongue  and  to  that  of  the  Damah.  It  is  thus 
that  a  certain  number  of  g^eographical  deilkominations  might 
be  brought  back  to  the  true  orthography.  However,  a 
mudi  mote  considerable  number  would  not  admit  of  this  r&. 
form.  It  would  be  easy,  for  eKample,  to  inttoduce  Ir^ebmd 
instead  of  Irlande ;  but,  in  France,  SeoiUmd  oould  never 
be  substituted  for  Ecosse,  as  the  first  name  would  be  uilin^ 
teUigible  to  most  French  readers.  It  is  true,  that  it  is  raither 
d^cult  to  practise  this  rule,  with  rei^vect  to  names  drawn 
from  language  in  wUdbi  a  different  aljdiabet  is  employed 
from  that  adopted  in  Western  Europe.  Sudii  is  die  case 
with  the  Russian,  Pernan,  Arabian,  Indian  names,  and 
odiers ;  also  with  the  Polish,  in  which  several  letters  of  the 
alphabet  have  a  diff^ent  value  from  what  we  give'ljbem. 
This  is  not  the  place  to  examine  all  the  i^cpedients  that 
might  be  tried  to  establish,  once  for  all,  a  geographical  or- 


'  Mem.  Topogr.  et  Milit.      *  D^Anvjlle,  Condd.  sux  la  Geogr.  p.  61,  #jf;. 
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thc^raphy,  not  absolutely  fixed,  (which  would  perhaps  be 
useless,)  but  at  least  easy  to  follow  and  comprehend  \ 
Signs  of  The  physical  part  of  a  map  requires  attention  to  be 

gg^y,  paid  to  certam  other  circumstances.  It  is  desirable  to 
know  if  a  country  is  covered  with  plains,  or  is  rough  with 
mountains,  naked  or  wooded;  dry  or  marshy.  Designers 
have  introduced  signs^  either  conventional,  or  of  the  nature 
of  pictured  representations,  to  express,  on  trigonometric  sur- 
veys, and  topographical  plans,  these  different  circumstances, 
which,  joined  with  the  climate  and  the  laws  of  meteorologi- 
cal phenomena,  determine  the  physical  geography  of  each 
country.  .  It  is  sufficient  to  cast  one^s  eyes  on  plans  of 
this  kind,  to  discover  the  signs  employed  in  them ;  they  are 
all  conformable  to  the  rules  of  birdVeye  perspective ;  thus 
the  parts  more  or  less  strongly  shaded,  represent  slopes  more 
or  less  steep,  on  which  the  light  is  lost  the  more  they  ap- 
proach the  vertical  position.  Geographical  maps  are  less 
calculated  to  admit  of  this  improvement,  especially  with  re- 
gard to  mountains ;  for  the  scale  of  those  maps  is  neces- 
sarily too  smalT  to  admit  of  expres^g  on  them,  in  just 
proportions,  the  innumerable  inequalities  of  ground,  from 
the  highest  chains  of  mountains,  to  hills  of  the  lowest  order. 
Rqsresentft-  Formerly,  mountains  used  to  be  represented  by  slight  ele- 
m^taiDs.  vations  in  profile,  which  supposed  the  eye  of  the  spectator 
to  be  in  the  plane  of  the  map.  At  present,  they  attempt  to 
represent  in  a  birdV eye-view  the  chains  and  groupes  of 
mountains,  and  even  the  peaks  or  msulated  points  which 
repose  in  general  on  elevations  more  or  less  considerable,  but 
the  whole  extent  of  which  presents  contours  that  determine 
the  form  of  valleys  ^  The  new  method  would  undoubt- 
edly be  preferable,  if  one  could  preserve  a  just  proportion 
betMiJH^  the  different  elevations,  and  if  we  possessed  all  the 
necessary  information  for  determining,  point  by  point,  the 
l^vel  of  the  ground.     But,  as  long  as  these  elements  are 
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wanting,  the  new  method  will  be  as  arbitrary  and  illusory 
as  the  old  one  appears  unnatural  and  unsatisfactory.         \ 

The  partisans  of  the  plan  of  representing  mountains  by 
a  bird'*s-eye-yiew,  shew  us  the  maps  of  D^Anville,  and  ex- 
claim, ^<  How  vague  and  insignificant  are  these  mountains, 
marked  with  insulated  points  1  All  that  we  see  is,  that  the 
country  they  occupy  is  mountainous ;  one  might  as  well 
write  down :  ffiere  are  mov/niain8  h4re  ;  nothing  indicates 
the  course  of  chains,  their  various  sinkings,  and  their  oon« 
nexions,  either  with  eadi  otjber,  or  with  the  islands  which 
form  the  summits  of  the  chains  of  suiyoiarine  mountains,  or 
which  traverse  the  basin  of  the  sea.^  But,  in  the  first  place, 
there  are  many  other  maps  besides  those  of  D'^AnviUe,  in 
which  the  mountmns,  though  expressed  in  profile,  please 
the  eye  and  satisfy  the  mind.  And  we  ask,  in  our  turn,  if 
geography  has  really  gained  by  the  admission  of  all  these 
pretended  chains,  either  terrestrial  or  submarine^  whi«b 
M.  Buache,  sen.  has  created,  by  supposing  arbitrarily 
that  all  the  basins  of  rivers  are  separated  by  considerably 
heights. 

The  pretensions  of  tc^graphy  have  been  pushed  stiU  Method 
farther.     A  geographical  en^neer,  M.  Dupiun-Triel,  ha^^^^^^^it. 
published  a  method,  by  which  a  geographical  map. may  be">8icv<=^ 
made  to  indicate  the  elevation  of  each  point  of  the  ground. 
He  observes  ^,  that  if  we  join  by  a  line  drawn  on  a  marine 
map,  all  the  points  at  which  equal  soundings  are  marked, 
this  line  would  give  the  contour  of  a  section  made  at  the 
bottom  of  the  sea  by  an  horizontal  plane  at  such  a  depth 
below  the  surface  of  the  fluid,  as  is  expressed  by  the  num- 
ber of  measures  contained  in  the  sounding.     From  this 
observation,  just  in  itself,  he  thinks  he  may  deduce  a  prin- 
ciple for  representing  geometricallt/  the  configuiption  of 
the  surface  of  a  country.     This  consists  in  tracing  on  the 


*  Dupain-Trid,  Caite  intitul^e,  M^thode  nouvelle  pour  exprimer  sur  les 
cartes  les  hauteurs,  etc.  avec  un  m^moire  de  M.  Du  Caila.  Paris,  1784.  Id. 
Carte  de  la  France,  o^  Ton  a  essaye,  eta.    An.  Tii. 
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map  to  be  ooostvucted,  lines  which  pass  through  points 
{daced  at  the  same  level,  or  at  the  same  height,  aboye  the 
snrfaoe  ei  the  sea ;  lines  which  would  become  suocessively 
the  boundRries  of  its  waters,  if  jt  rose,  by  any  cause  what- 
ever, to  the  level  they  occupy ;  as  the  hues  which  join  equal 
soundings  would  become  in  th^  turn  the  shores  of  the  seay 
if  it  sunk  by  the  number  of  measures  marked  on  those 
soundings.  The  heights  of  these  lines  or  horizontal  sections 
of  the  ground  could  be  graduated,  accor^ng  to  the  scale  <it 
die  map  and  the  steepness  of  the  slopes.  On  a  spediaen  of 
mi^  of  France  executed  according  to  this  pbm,  M.  Du- 
pain-Trid  traced  in  partsafanostfiat,  andnear  thesea,aliiie 
passing  through  the  points  elevated  10  toises ;  then  another 
passing  through  those  elevated  9^  and  so  on  from  10  to 
lOtmses.  We  see  these  lines^  at  first  pretty  (fistani  from 
each  other,  become  closer  in  proportion  as  the  country 
rises  more  rapidfy.  Bound  the  insulated  mountains,  the 
line  of  level,  which  is  marked  only  for  differences  of  fiO 
toises,  and  even  100,  come  closer  the  more  the  slopes  are 
steep.  Table^lands  are  indicated  by  lines  of  level,  which 
turn  round  them.  Finally,  if  we  conceive  lines  wlndi  cut 
the  lines  of  level  at  right  angles,  we  shall  have  the  Imee  (^ 
the  greatest  decUvitg^  or  those  wfaidi  follow  in  thdur  descent 
the  waters  spread  on  the  sides  of  mouotiuns. 
Value  of  Though  this  method  of  M.  Dupain-Trid  is  not  new, 
having  been  already  proposed  by  Ph.  Buache  and  others  \ 
it  undoubtedly  merits  some  attentioo.  It  is  evident  that  it 
furnishes  .descriptive  geometry  with  means  for  resolving 
problems  on  the  succession  pf  table-lands,  the  intersection 
of  slopes,  and  the  intervention  of  basons ;  problems  in- 
teresting in  the  construction  of  roads  and  canals.  It  migbt 
offer  d|l»  means  of  collecting  and  putting  within  the  reach  of 
every  body  a  multitude  of  levellings  and  observati(»is,  made 
by  military  and  civil  engineers,  on  the  heights  of  moun- 
tains,  the  resulu  of  which  are  confined  to  the  portfolios  of 

A  Mem.  de  PAcud.  dei  Sden.  175^,  p.  399;  1753,  p.  596;  et  1756, 
p.  109.    . 
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goyernraent :  finally,  the  advantage  to  be  derived  from  it 
would  exdte  travellers^  and  plulosophers  rending  in  all  great 
towns,  to  multiply  barometrical  observations  in  order  to  de- 
termine the  respective  heights  of  the  places  where  they  are 
made.  But,  till  the  elements  of  such  a  map  are  more  nu-r 
merous  and  more  authentic  than  those  which  we  possess, 
its  execution  would  mily  serve  to  give  an  air  of  reality  to 
systematic  ideas  that  are  very  uncertain.  At  all  events,  the 
confusion  wluch  would  result  from  this  multiplicity  of 
fines,  would  prevent  any  object  of  political  or  historical  geo- 
graphy from  being  clearly  designed  on  these  maps.  We 
must  therefore  consign  all  inventions  of  this  kind  to  maps, 
qiedally  consecrated  to  phyncal  geography,  in  the  same 
way  as  the  detaSs  of  hydrography  are  restfved  for  nautical 
charts. 
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Continuation  of  the  Theory  of  Geography.  First  sketches 
of  Physical  Geography,  General  forms  and  distribu^ 
turn  of  Continents  and  9f  Seas.  Extermd  ccfnfigurar- 
tion  of  Mountains,  Valleys,  Plains,  and  Coasts. 


Havikg  considered  the  earth  in  regard  to  its  dimen- 
sions, we  must  now  study  its  physical  characters.  This 
part  of  our  work,  which  is  perhaps  the  most  interesting  of 
all,  will  necessarily  be  the  most  imperfect ;  because  a  good 
system  of  physical  geography,  can  only  be  the  gradual 
work  of  many  successive  ages. 
General  This  science,  before  it  can  make  advances  to  maturity, 

^^^^    requires  a  continual  series  of  observations,  both  repeated 
geography,  and  varied,  made  in  every  part  of  the  world,  and  so  com- 
bined, as  to  leave  no  interval  unoccupied. 

On  the  other  hand,  it  is  not  with  natural  geography  as 
with  mineralogy,  with  chemistry,  or  with  botany.  Ingenious 
arrangement,  and  exact  and  methodical  classification,  are 
not  very  applicable  to  it,  and  for  some  time  would  only  re- 
tard its  progress,  by  loading  it  with  a  display  of  illusory 
notions.  Mountains,  valleys,  waters,  climates,  and  tracts 
of  country,  present  themselves  to  the  eye  under  very  com- 
plicated and  irregular  appearances,  which  it  is  much  easier 
to  describe  than  to  bring  within  exact  definitions.  The 
grandeur  and  majesty  of  nature,  defy  the  subtilty  of  our 
combinations,  and  the  littleness  of  our  rules. 

The  spirit  of  physical  geography,  unquestionably  rejects 
vague  and  incorrect  language ;  but  at  the  same  time  it  can- 
not obviously  be  susceptible  of  the  precision  of  terms,  which 
belongs  to  mathematics  or  chemistry.     What  a  striking  dif- 
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ference  is  thet^  between  the  winding,  or  the  abrupt  outlines 
of  our  mountains,  and  the  regularity  of  geometrical  figures  ? 
What  an  abuse  has  been  made  of  the  appellations  pj/ramu 
ijoiy  conical,  and  others  of  a  similar  kind  ?  How  often  has 
the  term  crystallization  been  employed  to  conceal  the  in- 
significance of  a  shallow  remark.  This  famous  word,  like 
the  sword  of  Alexander,  has  enabled  many  to  cut  knots 
which  they  knew  not  how  to  untie.  In  the  cabinets,  almost 
every  thing  is  crystallized ;  in  nature,  almost  every  thing  is 
irregular  in  its  figure. 

Even  those  objects  which  strike  the  eye  most,  are  very 
difficult  to  be  reduced  under  general  terms.  We  c(Hn. 
moniy  designate  all  elevations  of  land,  that  are  the  least  pro- 
longed, by  the  general  name  of  chains.  But  it  is  certain  that 
mountains  more  frequently  form  groups  than  chains ;  and 
even  the  most  conspicuous  chains  are  often  composed  only 
of  a  series  of  groups.  Agsun,  the  same  mass  of  mountains, 
which  when  seen  on  one  side,  appears  to  form  a  chiun, 
is  merely  the  declivity  of  a  plain,  more  or  less  elevated. 
Travellers  often  give  the  name  of  mountains  to  the  steep 
and  lofty  banks  of  rivers.  It  were  endless  to  enumerate  all 
the  errors  introduced  by  the  mania  of  systematizing.  There 
was  a  time  when  every  black  stone  was  considered  as  a  vol- 
canic production,  and  every  circular  pit  as  the  mouth  of  a 
volcano. 

The  otter  departments  of  natural  geography  are  equally  Im^e^^ 
enveloped  in  darkness.  What  shall  we  say  of  that  system  ^^^^^^^^ 
of  hycLrology  which  is  almost  destitute  of  any  information 
as  to  either  the  levels  or  the  depths  of  seas  ?  The  direct 
observations  upon  climates,  are  somewhat  more  numerous, 
at  the  same  time  we  must  acknowledge,  that  our  thermo- 
meters do  not  indicate  the  latent  heat,  the  influence  of  which 
is  so  great  and  so  universal ;  and,  besides  this,  even  the 
best  observations  upon  climate  often  lose  half  their  value 
from  want  of  an  exact  description  of  the  surface  of  the 
country.  The  common  systems  of  Botanical  geography,  by 
simply  copying  the  "  Fhra^  of  each  country,  are  as  incom- 
plete as  they  are  useless.     It  is  necessary  to  distinguish  the 
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elevatkm  of  tbe  land^  the  quality  of  the  8oU,  and  many 
other  local  drcumstances.  If  it  appears  more  easy  to  de- 
termine the  geographical  relations  sub^sting  between  the 
different  races  of  animals,  now  actuaUy  inhabitix^  the  earth, 
what  an  abyss  do  we  discover,  when  we  attempt  to  ex- 
amine the  fossil  remains  of  those  genera  which  are  now  ex- 
linct^  b«t  which  must  once  have  peopled  our  planet  9  What 
revolutions  have  taken  place !  what  mountains  have  been 
dissipated,  what  rocks  decomposed!  how  many  valliea 
have  been  filled  up,  how  many  lakes  emptied  of  their  con<i 
tents,  what  inroads  have  the  seas  made  upon  the  continent ; 
what  volcanic  irruptions,  what  contests  among  the  elements, 
slow  or  rapid,  destructive  or  creative,  must  have  preceded 
the  actual  state  of  our  globe,  a  state  which  every  where 
presents  only  the  ancient  ruins  of  an  edifice^  of  the  pri- 
mitiye  proportions  of  which  we  are  completdy  ignorant 
Physical  geography  makes  us  feel  the  limits  of  oinr  powers. 
We  have  ascertained  the  dimensions  of  the  sun*  We  know  the 
laws  of  gravity  upon  the  surface  of  Jupiter.  We  have 
measured  the  elevation  of  the  mountains  of  the  moon :  even 
the  erratic  com^  seem  to  submit  to  the  calculations  of  our 
astronomers.  But  the  interior  of  that  very  earth  upon 
which  we  walk,  baffles  our  researches.  We  have  never  pe- 
netrated one  two  thousandth  port  of  the  diameter  of  the 
globe.  Nay,  even  the  very  surface  of  the  earth  is  not 
known  to  us  throughout  its  whole  extent.  We  shall  per- 
haps for  ever  remain  ignorant  of  the  secrets  which  the 
two  polar  regions  contain.  Let  us  ih&k  endeavour  to  re- 
sist the  seduction  of  systems,  and  detail  with  clearness,  and 
above  all  with  fidelity,  the  limited  number  of  facts,  which 
observation  has  collected,  and  which  have  passed  the  ordeal 
of  sound  investigation. 
Physical  When  we  cast  our  eyes  over  a  map  of  the  world,  we  per- 
the^l^.  ^ive,  that  the  surface  of  the  globe  is  divided  into  large 
masses  (tfland,  which  we  call  coniinefU^,  and  great  cavities. 
Continent!,  fjQej  ^ith  water,  which  we  term  seas.    As,  in  the  parts 

seas.  &c*  ,  * 

covered  with  water,  we  observe  small  masses  of  land 
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whose  flurfaces  rise  above  it,  which  we  name  islands,  so 
are  there  upon  the  continents  small  detached  spots  covered 
with  water,  which  we  call  lakes.  An  island  differs  from  a 
continent  only  in  its  dimensions ;  and  in  fact,  we  give  the 
name  of  contment  to  certain  portions  of  land,  only  because 
we  have  for  a  longtime  remained  ignorant,  whether  a  ship 
oould  sail  round  them,  and  because  some  physical  drcum- 
atances  have  hitherto  prevented  such  a  voyage*. 
Many  portions  of  the  land  and  of  the  sea  extend  reciprocal-  Mediter. 


ly  the  one  into  the  othdr.  If  the  sea  penetrate  into  the  in-^^- 
terior  of  any  continent,  it  forms  there  a  mediterranean  or  in- 
land  sea,  surrounded  almost  on  all  sides  by  land,  and  having 
only  a  narrow  opening  into  the  ocean.  If  the  extent  (rf* 
such  seas  be  less,  and  the  openings  larger,  they  are  called 
gulft  or  bagfSj  two  terms  which  geographical  writers  have 
wished  to  distinguish  ^,  but  which  customary  language  more 
frequently  confounds.  The  still  smaller  portions  of  sea, 
surrounded  as  it  were  by  land,  and  which  afford  a  shelter 
for  ships,  are  called  portSj  creeJeSj  or  roads.  The  first  term 
means  a  secure  asylum ;  the  second  is  applied  to  places  or 
ports  of  much  smaller  size,  and  which,  when  improved  or 
completed  by  artificial  aid,  are  styled  karbourSj  and  the 
roods  afford  only  a  temporary  anchorage  and  security  from 
certain  winds.  If,  on  ihe  other  hand,  parts  of  the  continents 
sboot  into  the  seas,  and  are  connected  with  the  main  land 
by  only  a  small  portion  of  their  circumference,  they  are 
named  jp^njt^Zo^,  whose  figures  often  correspcmd  with  those  Peiiinsulas> 
of  gulfs  and  inland  seas.  When  such  masses  of  land  are 
attacjied  to  the  continent  by  a  greater  extent  of  line  than 
one^ourth  of  thdr  circumference,  they  are  not  considered 
as  peninsulas..  Arabia,  for  example,  seems  to  deserve  this 
name,  but  the  custom  of  applying  it  equally  to  the  ad- 
vanced part  of  India,  west  of  the  Ganges,  offends  against 
exact  description.     It  is  thus,  that  nature  spDrts  with  our 


«  Kant,  G^ogmphie  Fhyrique*  ii.  part  1,  p.  67.  Edit,  de  VoUmer, 
^  Fleurieu,  Introduction  au  Voyage  de  Marchant.    . 
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classifications.  If  the  projections  of  land  rAtii  but  a 
little  way  into  the  sea,  they  are  called  capes,  promoiu 
tories,  or  amply  points,  A  natural  canal  communicat- 
ing with  the  sea  at  both  ends,  and  confined  by  two  oppo- 
fflte  shores,  is  called  a  strait :  the  reverse  is  an  isthmus j 
that  is,  a  tongue  of  land  running  between  two  seas,  and  by 
which  two  greater  masses  of  land  are  united*  Many  other 
terms  of  a  similar  kind,  being  used  only  locally,  will  be 
defined  as  we  employ  them  in  tfie  course  of  our  work. 

Let  us  now  connder  the  surface  of  the  globe  under  one 
general  point  of  view.     We  perceive,  that  it  consists  of 
one  vast  ocean,  in  which  a  great  niunber  of  islands  ai« 
placed,  whose  size  varies  from  that  of  the  most  coloft. 
sal  to  the  most  minute.     Two  of  these  islands  are  termed 
continents;   that  which  is  inhabited  by  the  oldest  dvi- 
Andent     lized  nations  is  called   the  old  eontinenty   and  contains 
Diri^sof^^^  ^visions  of  the  world,  namely,  Aoa,  Europe,  and 
the  worid.   Afiica,  while  the  whole  of  the  new  continent  is  comprised 
New  oonti-  under  the  name  of  America,  though  nature  has  divided  it 
'^'^^'         into  two  distinct  peninsulas,  one  of  which  ought  in  strict 
historical  justice  to  be  called  Cdumbia.     In  die  midst  of 
the  most  extensive  mass  of  waters  is  placed  New  Holland, 
which  many  geograj^ers  call  a  third  continent ;  although 
it  is  perhaps  more  correct  to  consider  it  as  by  far  the  lai^* 
est  island  in  existence.     When  we  find  a  conaderable  num* 
ber  of  islands  grouped  together,  we  give  the  name  of  archie 
pslago  to  the  whole.    The  vast  ardiipelago  which  extends 
to  the  east  of  the  ancient  continent,  and  in  the  centt^  of 
which  New  Holland  rises  majestically,  seems  worthy  of 
being  con^dered  as  a  new  division  of  the  world,  which  we 
shall  distinguish  by  the  name  of  Oceanic.  .     . 
The  ocean.      There  is  upon  our  globe,  properly  speaking,  only  one 
sea,  one  continuous  fluid  spread  round  the  land,  and  which 
probably  extends  from  one  pole  to  the  other,  covering  near- 
ly three-fourths  of  the  surface  of  the  earth.     All  the  gulfs, 
all  the  inland  seas  form  only  portions  detached  but  not 
entirely  separated  from  that  universal  sea,  which  we  call 
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the  ouan.  It  is  only  for  the  sake  of  greater  convenience 
that  we  distinguish  different  parts  of  that  ocean  under  the 
name  of  seoi.  But  this  arbitrary  and  incomplete  diviaon 
is  at  the  same  time  the  occancm  of  ambiguity,  and  varies 
among  different  nations.  We  adopt  the  following  classi-  Classifiau 
fication,  the  simplidty  and  justness  of  which,  can  be  easily  *^  ^** 
verified  by  means  of  an  artifical  globe. 


1.  Austral 
OeeoKf  or 
icy  wa  of  the 
South. 


Greai  Aui* 
trO'CrientailOm 

wSuOt  SOkf  oc-   ^ 

cupyiz^  the 
greatest  part  of 
the  aquatic  he- 
misphere of  the 
globe. 


2.  Oriental 
m  Pacific 
Ocean, 


3.  Inikm 
Ocgan, 


Its  ftsmiaet  may  be  fixed  by  a  line^  drawn 
fiom  Cape  Horn  to  the  Cape  of  Good 
Hop«,  from  thence  to  Van  Diemen's  Land, 
and  returning  by  the  soudiof  New  Zealand 
to  Cape  Horn. 

fa.  The  Great  AriMjpdago^  or  the  part  com- 
prised between  New  Zealand  on  the  south, 
the  ishmds  of  Marquesas  on  the  east,  the 
ishmd  of  Formosa  on  the  north*  and  the 
stiaits  of  Malacca  on  the  west 

Northern  Oriental  Ocean,  between  Asia 
and  North  America.  The  inland  seas  of 
Japan  and  iCamtrhatka,  and  the  sea  of 
Behring,  form  a  part  of  iu 

e.  Southern  Orientai  Ocean,  from  the  islands 
■     of  the  Great  Ardiipelago  to  South  America. 


r  With  its  different  gulphs..  The  limits 
J  abore  mentioned  mark  ont  what  remains  for 
i  this  section.    The  gulphs  of  Aralua,  Fenia, 

t      and  Bengal  fozm  a  part  of  it 


U 


I 


f 


le  Wettern  I 
I,  fonning  I  4. 


The 

buffi, 

a  sort  of  chan- 
nel between  the 
two  greai  con- 
tincttts.  * 


Western 
Ocean, 


a.  Northern  Ocean.  Its  southern  limit  is 
finmed  by  the  department  of  France,  called 
the  Pas  de  Cal^,  by  Great  Britam,  the 
isles  of  Faroe,  and  Iceland. 

The  northern  inland  seas  of  Europe,  and 
the  northern  icy  sea,  are  branches  of  it. 

&  The  Atlantic  Ocean ;  from  the  preceding 
frontier  to  the  two  points  where  the  coasts  of 
Brazil  and  Guinea  approach  nearest  to  each 
other. 

The  Mediterranean  and  its 
gulphs. 

The  Gulph  of  Mexico,  &c. 
3.  BaiBn*s  bayandHudson's-Bay, 
or  the  seas  of  the  Esquimaux. 

c  The  Ethiopie  Ocean,  between  Brazil  and 
Africa,  as  far  as  the  line  from  Cape  Horn 
to  the  Cape  of  Good  Hope. 


Branches 


{■ 
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In  foUowing  this  division  upon  the  globc^  many  general 
zesults  will  evidently  stjtike  us. 

Is  it  not,  in  the  first  place,  very  remarkable,  that  one 
half  of  the  globe  i^ould  be  covered  with  water,  while  the 
other  half  contains  less  watei^  than  land  ?  In  order  to  have 
imder  our  view  the  whole  of  the  aquatic  hanisphere,  wfe 
2J^^^  must  turn  the  globe  so  that  New  Zealand  may  form  the 
hemisj^eie.  highest  point ;  or  we  must  examine  n  map  of  the  world, 
projected  upon  a  horizon  little  distant  from  that  of  Paris  ^ : 
the  hemisphere,  circumscribed  by  the  horizon  of  our  anti- 
podes, presents  to  the  view  only  some  islands,  some  promon- 
tories,  and  some  narrow  lines  of  coasts  in  the  midst  of  an  im- 
DmensioMmgjjgg  g^.  ^hJie  the  hemisphere  bounded  by  our  horizon 
tzo-Oriental  comprises  almost  the  whole  of  the  land.  If  the  masses  of 
polar  ice  of  the  south  do  not  contain  some  considerable 
islands,  we  can,  by  following  the  meridian  of  the  Cape  of 
•  Good  Hope  through  the  pole,  till  we  reach  the  neighbour- 
hood of  Behring*s  straits,  trace  a  line  of  two  hundred  de- 
grees,  or  of  four  thousand  marine  leagues;  a  line  ex. 
oeeding  by  more  than  four  hundred  leagues  half  the  cir- 
cumference of  the  globe,  and  which  passes  over  a  surface 
entirely  covered  with  water.  A  line  drawn  under  the 
equator  from  Africa,  through  Sumatra  and  Borneo  to 
America,  passes  over  a  surface  of  water,  with  only  two  or 
three  interruptions,  of  four  tiiousand  two  hundred  leagues. 
Lasdy,  the  fortieth  parallel  of  south  latitude  affords  an 
aquatic  zone,  interrupted  only  for  fifteen  degrees,  and 
consequently  forming  a  circumference  of  nearly  five  thou- 
sand three  hundred  marine  leagues,  a  spaice  Utile  less  than 
two-thirds  of  the  periphery  of  the  globe.  Such  is  the 
vast  extent  of  the  Austro^oriental  basin  of  the  ocean  upon 
our  earth. 

The  form  of  the  western  basin  is  not  less  striking.  It 
resembles  a  channel,  narrowing  towards  the  pole,  and  com- 
municating with  the  Austro-priental  basin,  on  one  side  by 

*  See  Le  planisphere  du  F^  Cfarysologtte  de  67,  ox  iht  Adas  of  thk  work. 
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the  straits  of  Behring,  and  on  the  other  by  the  large  open- 
ing of  the  Ethiopic  ocean.  The  Mediterranean  Sea  cor- 
re^onds  to ^e  gulf  of  Mexico;  the  Baltic  and  Northern 
seas,  are  opposed  to  Baffin'^s  and  Hudson^s  Bays. 

The  distribution  of  water  and  land  is  also  very  unequal,  CompuiMm 
if^  without  considering  the  forms  of  the  two  grand  basins  tbem  wT 
of  the  ocean,  we  compare  the  hemispheres,  separated  by  touthcm 
the  equator,  or  the  northern  and  southern  halves  of  the  *"^  ""* 
globe.     We  have  found,  by  a  pretty  exact  computation, 
that  the  land  in  each  hemisphere  and  thp  zone  bears  to 
the  whole  surface  the  following  proportions : 

In  the  icy  zone  of  the  north, 0,400 

In  the  temperate  zone  of  the  north      .....     0,559 
In  the  northern  part  of  the  torrid  zone    ....    0,397 

In  the  northern  hemisphere .    0,419 

• 

In  the  icy  zone  of  the  south 0,000 

In  the  temperate  zone  of  the  south 0,075 

In  the  southern  part  of  the  torrid  zone    ....    0,312 


I 


In  the  southern  hemisphere      .      .....    0,129 

Geographers  and  naturalists,  about  the  middle  of  the  Is  a  south- 
eighteenth  century,  endeavoured  by  various  arguments  to*™ ^^^g^,^ 
account  for  this  unequal  distribution  of  land  and  water,  sary  fbr  the 
They  asserted  {he  existence  of  a  great  southern  continent,  ^theglobe. 
which  was  necessary  to  counterbalance  the  mass  of  land 
atuated  in  the  northern  hemisphere^.     But  the  voyages 
of  Cook  have  put  an  end  to  all  these  conjectures.     That 
navigator  found,  up  to  the  70th  degree  of  south  latitude, 
only  one  vast  sea,  containing  many  floating  masses  of  ice, 
together  with  a  few  islands  which  had  been  mistaken  for  the 
promontories  of  the  southern  continent.     There  remains 
therefore  towards  the  pole  only  about  five  or  six  hundred 

f  Bergmaiin*8  Physical  Geography.    I.  p.  6.  (2d  edit  of  Upsal,  in  Swedish,) 
Dalrymple^i  Histoiy  of  Navigation,  BtiflSm,  Buache,  &c  &c. 
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thousand  square  Iharine  leagues,  in  which  there  ycan  be 
any  land,  inaccessible  to  navigators  on  account  of  the  icei^ ; 
but  the  whole  of  this  mass  would  very  little  alter  the  pro- 
portion between  the  two  hemijerpheres. 

According  to  the  opinion  now  generally  admitted,  that 
part  of  the  land  which  is  elevated  above  the  surface  of  the 
sea,  is  so  little  in  proportion  to  the  immendty  of  the  globe, 
that  the  effect  of  its  unequal  distribution  upon  the  equili- 
brium of  the  globe  is  in  fact  nothing,  or  so  small  as  to  pro- 
duce no  sensible  effect.     Besides,  it  is  possible  \  that  the 
sea  towards  the  south  pole  may  be  less  deep  than  in  the 
northern  hemisphere,  and  thus  the  tracts  of  land  under  the 
sea  toward^  the  south,  may  counterbalance  the  continental 
masses  of  the  north,  which  are  more  elevated  indeed,  but  sur- 
rounded by  much  deeper  seas.    This  hypothesis  would  be 
more  plausible,  if  the  greater  flattening  of  the  globe  towards 
.  the  south  pole,  indicated  by  the  measurements  of  M.  La 
Came,  in  Africa',  should  ever  be  confirmed  by  correspond- 
ing  measurements  in  America,  and  in  New  Holland ;  for 
then,  that  hemisphere  being  in  general  more  depressed  than 
ours,  the  ocean  by  its  own  tendency  to  establish  a  level, 
would  spread  itself  over  the  surface  of  the  southern  land, 
which  would  be  thus  covered  by  the  sea. 
Direction        T^^  ^^^  continents  present  a  similarity  of  appearance  in 
of  penin-     ii^q  direction  of  their  peninsulas ;  they  are  almost  all  turn- 
ed towards  the  south.     This  is  the  case  with  South  Ameri- 
ca,  California,  Alascgha,   Greenland,   Arcadia,   Florida, 
Scandinavia,  Italy,  Greece,  Arabia,  India,  Corea,  Kamt- 
chatka,  and  Afnca^     Two  remarkable  peninsulas  indeed, 

B  In  February  1819,  land  was  discovered  by  Mr.  William  Smith,  Captain 
of  an  English  brig,  when  his  ship  was  in  Lat  62^  40«  South,  and  Long.  60* 
West :  he  traced  the  coast  for  ^50  miles,  but  it  is  yet  to  be  ascertained  whether 
this  is  an  island  of  considerable  size,  or  a  part  of  a  continent.  It  is  by  no 
means  improbable  that  it  may  be  connected  with  southern  Thule,  .the  most 
southerly  part  of  Sandwich  land  seen  by  Captain  Cook  in  1775,  tnd  sitHAted  ia 
59. 30  S.  lat.  and  27°  30  W.  long. 

^  Desm'arets,  Encyd.  Method.  Geo.  Phys.  u 

'  See  Book  iL  p.  53. 

^  Bacon.  Nov.  Oigan.  L.  u*  Aphor.  27*        ^ 
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lucatan  and  Jutland  stretch  towards^  the  north, 'but  they 
consist  only  of  plains  and  alluvial  land. 

But  the  general  directioii  of  the  land  is  entirely  different  DiieetiaDof 
in  the  two  continents.  In*  the  new  continent  it  extends ^^J""**" 
froin  pole  to  pole ;  wliile  in  tKe  old  the  direction  is  more 
parallel  to  the  equator;  and  if  we  examine  only  Europe 
and  Asia,  it  is  perfectly  6o.  •  The  longest  straight  line 
whidi  we  can  trace  upon  the  ancient  continent,  running  it 
as  much  as  possible '  over  land,  comroentes,  according  td 
Bergmann,  under  the  61st  degree  of  north  latitude,  near 
the  mouth  of  the  river  Fonaschka  in  the  sea  of  Anadyr, 
and  crossing  over  the  town  of  Nargun,  the  lake  of  Aral,  '^ 

and  the  southern  part  of  the  Caspian  Sea,  passes  near  th^ 
Perstan  Gulf,  and  to  the  north  of  the  straits  of  Bab-ei- 
Mandeb ;  it  then  traverses  Africa,  following  Ae  course  of 
the  mountains  of  Lupata,  or  the  spine  of  the  giobej  and 
tenninates  at  the  Cape  of  Good  Hope.  It  is  148^  degrees, 
or  2960  marine  leagues  in  length  I  It  forms  with  the 
equator  an  angle  of  60  degrees,  and  the  parts  of  the 
continent,  situate  to  the  «ast  and  west  of  this  line,  -^^  ^ 
neurly  equal.  It  is  difficult  to  trace  a. similar  line  over  tab 
new  continent  Bei^gnmtm  makes  it  be^l^t  ike  60^'north 
latitude,  and  at  &6&*  longitude  east  of  the  island  of  Fevro. 
It  continues,  according  to  Buffon,  to  pass  over  Florida  and 
the  islands,  to  the  mouth  of  the  river  La  Plata.  AodHfd- 
ing  to  him  it  is  one  hundred  and  five  degrees,  or  two 
.thousand  one  hundred  marine  leagues  in  length,  and 
makes  an  angle  of  sixty-dght .  degrees  with  the  equa- 
tor. According  to  the  latent  discoveries,  this  line  ought 
to  be  prolonged  ten  degrees  farther  norths  its  length 
will  then  be  2300  leagues.  But  we  cannot  accurately 
represent'  the   length  of  the  new  continent,  except  by  a  '- 

line  containing  many  curves,  in  pasidng  from  the  "  icy 
cape^  of  Cook,  through  .Mexico  and  Quito  to  Cape  Horn. 
We  shall  then  have  a  line  of  more  than  3000  leagues*  in 


>  Phys.  Gcog.  I.  3-i-5.    Comp.  Buffon,  Prcuves  de  la  Thcoric  dc  I^ 
Tene,  Art.  6.    The  line  drawn  by  Bufibn  pastes  above  ti^e  Icy  Se^ 
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extent    This  liae  wiU  dividje  the  cootiaent  into  two  very 

unequal  parts. 
PrMdmiiy       If  we  w^ie  to  su^x)se  that  the  country  round  Baffin'^s 
of  dMipok.  g^y^  ^^  ijj^^  discovered  to  the  north  of  Siberia,  form  an 

unintarmpted  continuation*  of  the  conlineiit  of  America, 
the  new  world  must  approach  much  nearer  to  the  Arctic 
foie  than  the  ancient  world.     The  frozen  parts  would  thus 
be  mudi  more  extensive,  and  the  torrid  regions  qsiich  less 
than  those  of  the  iM  continent.     The  solution  of  the  di£. 
ference  in  the  climates  of  the  two  great  continents  seems  to 
depend  upon  this  fact 
GontiBrted  .    The  peculiarities  of  the  isthmuses  that  divide  each  con« 
22^"*"  tinent  into  two  very  unequal  parts,  (Suez  being  composed 
entirely  of  sand,  while  that  of  Panama  is  formed  by  rocks 
of  granite  abd  porphyry,)  lead  us  to  remark  a  very  lingular 
'difference  in  those  two  great  islands  of  the  globe.     The 
asdent  world  is  in  almost  every  part  open  to  the  advances 
of  the  ocean,  and  from  the  straits  of  Behring  to  those  of 
Bab*el-Mandeb  on  the  one  side,  and  to  those  of  Gibraltar 
^eiC  .^b®  other,  the  bays,  gulfs,  inland  seas,  &c.  are,  as  it 
were,  in  a  sort  of  equilibrium,  at  least  ^th  respect  to  lum- 
bers;  while  the  mass  of  Africa  is  not  penetrated  by 
one  angle  arm  of  the  sea.     The  new  continent,  on  the 
contrary,    having  only  one  considerable  gulph,    that  of 
California,  or  the  sea  of  Vermeille,  on  its  western  i^<Nre, 
pi^esents  on  the  opposite  coast  a  chain  of  gulphs  and  inland 
seas ;  and  when  these  are  awanting,  some  immense  river  is 
found  to  supply  the  link.      It  is  time,  then,  for  geologists 
to  cease  from  copying  Bufibn,  when  he  would  represent  the 
two  continents  as  exhibiting  more  breaks  and  inlets  on  the 
east  ade  than  on  the  west 
Homitaiiii,     Let  us  now  pass  from  this  view  of  the  inequalities  whidi 
bf^or    ^^  horizontal  profile  of  oqr  globe  exhibits,  to  an  examina- 
platami.     tion  of  those  which  result  from  a  perpendicular  section. 

Mountains  form  the  most  conndemble  eminences  on 
the  surface  of  the  earth,  and  have  their  descent  more 
or  less  rapid.  We  must  distinguish  them  from  ^^pla- 
f eaus,^  oi^  upland  plains,  which  consist  of  great  masses  of 
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rievated  land,  commonly  fomiing  the  centre  of  continents 
or  of  islands,  but  tbe  sides  of  which  are  long  and  extended, 
Atid  with  but  little  apparent  declivity.  A  plateau  may  have 
upon  its  elevated  surface  mountains,  plains,  a^d  valleys. 
8ome  of  them  are  suiBciently  inclined  to.aUow  tli^  wi^ 
ters  which  accumulate  upon  them  to  flow  down ;  there  are 
others  which  preserve  the  same  level  throughout  a  great  ex* 
tent^  and  wliere  the  rivers  do  not  find  any  outlet.  .  We 
meet  with  some  plat^us  of  the  latter  soft  in  Europe^ 
prineipaUy  in  Croatia  and  in  CamoHa,  but  they  are  of 
anaU  dimensions.  In  order  to  see  ihetit  in  perfection,  wo 
must  visit  Tortary,  Persia^  and  the  centre  of  Africa  *# 
These  plateaus  have  their  general  level  more  elevated  than 
the  rest  of  the  continent ;  they  seem  to  be  the  most  ancient 
masses  of  land,  and,  as  it  were,  the  nucUiy  or  kernds,  round 
which  the  additional  sml. accumulated.] 

Mountains,  in  their  extericN'  fcnrms,  {H*esent  Bomt  varietietForBif  of 
which  strike  even  die  most  inatte»tite  observer,  and  which,.  ™®'"'"^ 
at  first  sight,  may  lead  us  to  presume  that  ther^  is  s<lme 
diflSsreoce  in  thw  internal  composition.  The  lughestmoun«^ 
tains  most  frequently  present  a  surface  of  naked  rock,  but 
the  nature  of  the  rucks  produces  varieties  in  th^r  see* 
tions  and  outlines ;  here,  they  shoot  up  inta  the  form  of 
enormous  crystals,    with  sharp  angles^  heaped  tip  and 
supported  by  each, other;  in  anoth^  part,  vast,  sod  ek. 
vated  masses  are  crowned  with  circular  summits,  which 
riseinto  the  air  with  less  Jx^dness.    Sometimes  there  ajppears 
an  immense  steep  and  disrupt  surface^  which  lays  open  to 
view,  as  it  were,  the  entrails  of  the  mountain  itself.    We  Needle, 
describe  these  appearances  under  the  names  of  needle§,  ^®^>  ^ 
peaks,  teeth»  horns,  domips,  breaches  \    Next  in  order  to 
these  broken,  arid,  and  steep  summits,  we  see  mountcuns, 
the  forms  of  which  bear  a  character  of  tranquillity,  an  indi- 
cation of  their  slow  apd  6}icpes$iv^  fonn$itip|i ;  these  moun. 

*"  See  the  articles  Tartary,  Penht  &c  veL  iL 

"  Humboldt,  Saussuze,  Pallas  etc^See  the  srtid^i  ^^t  Aptnminph  Pff^ 
meh  rot*  vi'  Andeff  VoL  iv,  to 
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tains,  which  are  still  considerable,  formed  by  strata  or 
layers  variously  inchned,  g<»ien|lly  exhibit  an  infinite 
variety  of  forms,  in  consequence  of  the  changes  to  which, 
from  numberless  causes,  they  bave  been  subjected*  In 
one  place,  a  vast  amphitheatre  is  seen  rising  in  majestic 
and  regular  gradation,  like  the  Kinnegulia  in  West  Goth- 
land ^  In  another  there  is  a  large  mass  cut  perpendicu- 
larly, and  presenting  the  form  of  an  altar  like  the  taJbie 
mountain  at  the  Cape  of  Good  Hope.  There  are  moun^ 
tains  in  China,  which  have  the  appearance  of  the  head  of  a 
dragon,  a  tiger,  or  a  bear?.  In  other  places,  you  see  a  labyrinth 
of  rocks  rising  like  pillars,  as  at  Adersbach  in  Bohemia,  or 
in  one  single  mass  in  the  form  of  a  large  nine*pin,  as  Mont 
Aiguille  in  the  province  of  Dauphin6  %  We  see  some  also 
near  Unvionne  in  the  Valais,  which  recal  the  figure  of  the 
old  French  frizzled  wigs,  (permques  mouionnis.)  But  the 
most  common  appearances  are  those  foritied  by  layers  of 
stones,  in  an  undulated  or  furrowed  shape.  -    - 

Aft^  these  mountains  of  the  second  rank,  we  find  hills 
more  or  less  lofty,  which,  on  all  rides,  present  to  the  eye 
but  little  elevation,  and  a  gentle  declivity.  These  hills, 
furrowed  by  streams  of  running  water,  often  gradually 
slope  away,  and  at  last  lose  themselves  in  the  plains.  Some* 
times  their  sides  are  so  rugged  and  precipitous  as  to  pro- 
^Mce  on  the  mind  almost  dl  the  picturesque  effect  of  high, 
mountains. 
Volcanic  The  peaks,  or  higher  parts  of  mountains,  formed  by  vol-: 
P^^^  jcanic  agency^  jdaffejc  very  much  from  the  usual  forms.  Their 
conical  or  pyrfunidai  inasses  are  distinguished  by  their  re- 
gularity even  wfaoi  they  have  been  broken  off,  or  truncated, 
by  some  accidental  cause.  Their  towering  summits  iseem  to 
^lenace  the  neighbouring  country.  The  basidtic  mountains 
also  present  an  appe|u*ance  not  less  striking,  when  they  aro 
not  covered  and  poaceeled  by  other  soil.    Their  sides  dis- 

«  Mem.  de  T Acad,  de  Stockholm,  1747,  pL  iS. 
P  Osbeck's  y^age  to  C3iii»,  266.  in  Swedisb. 

*i  Lancelot,  lea  Merveilles  du  Bauphine,  dans. lea  Mem.  de  l!Afli^  4^ 
inscriptions^  torn.  ix.    Saussuie,  Voyage  dans  Us  Alpes,  |$c.  1061. 
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plaj  to  the  view  doee  ranges  of.  immense  jnllats  or  cause- 
ways, which  seem  to  be  the  production  of  giants.  The  de- 
scription, howevi^,  of  all  the  forms  which  these  rocks  cxhi^ 
bit,  wouldJead  us  away  from  the  subject  of  this  bdoL 

There  is,  however,  one  eccientricity  of  nature^  if  it  may  be  Tafonittd 
ao  called,  which  deserved  to  be  noticed  here,  namely  moun-  "x*""*"^"* 
tains  bored  through.  Some  have  supposed  that  such  perfora- 
tions have  been  accomplished,  in  part  at  least,  by  the  per- 
severing industry  of  man.  The  Fierre-Pertuise  in  Mount 
Jura,  and  Paunlippo  near  Naples,  are  instances  of  this 
kind.  But  nature  has  left  unequivocal  marks  of  her  power 
in  other  phenomena  of  this  kind.  The  Torghat  in  Norway 
is  pierced  by  an  opening  one  hundred  and  fifty  feet  high, 
and  three  thousand  long.  At  certain  seasons  of  the  year 
the  suft  can  be  iseen  darting  its  rays  from  one  extremity  to 
-the  other  of  this  vault'.  Near  New  Zealand  there  is  a 
rocky  arch  through  which  the  waves  of  the  sea  pass  at  high 
water.  These  phenomena  differ  from  cayems,  only  from  the 
circumstance  of  having  a  passage  entirely  through* 

Another  general  point  of  view,  in  which  mountains  may  C3iaiii#  &t 
be  considered,  is  their  position  relatively  to  each  other.  ^^|^^|^^ 
Some  are  completely  insulated,  more  particularly  those  of  ed 
a  volcanic  origin ;  it  is  the  same  also  with  those  of  a  calca^ 
reoos  nature  and  some  others.  Both  China  and  Iceland 
furnish  many  examples '.  The  rock  cf  Gibraltar  and  the 
fortress  of  GwaUor  in  Hindostan  are  of  this  description* 
We  may  also  mention  Mount  Aomos,  wh^e  a  whole  people 
supported  a  si^e  against  Alexander  K  Mountains  are  seen 
most  frequently  in  groups.  Sometimes  chains  branch  out 
from  a  common  centre  in  angular  directions.  Sometimes 
the  centre  mass  itself  is  a  lofty  chain,  straight  or  curved, 
whence,  at  different  periods,  secondary  chains  have  appa- 
rently be«i  formed ; — ^the  Alps  may  be  placed  in  this  class. 
Sometimes  we  see  irregular  groups  of  several  chains,  among 
which  no  one  in  particular  can  be  ranked  as  the  principal. 

•    '  (eotoppidaii*!  Xataal  Bktory  of  Noiwsy,  k  75—79,  (in  Dankh.) 
•  BcrgBUBiD,  Geqg.  Fhjriqae,  i.  171.  *  Qnint^CoiU 
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Such  are  the  collections  of  mountains  in  Asia  Minor  add  in 
Persia.  But  the  most  remarkable  ^ort  is  that  of  long  con- 
nected chains,  which,  like  the  Cordilleras  des  Andes  in 
South  America,  continue  for  hundreds  and  even  thousands 
of  leagues,  nearly  in  one  constant  direction,  having  on  both 
sides  regular  layers  or  ranges  of  inferior  mountains,  but 
sending  ofi'  very  few  secondary  chains.  These  great  chains 
evidently  bear  the  stamp  of  the  highest  antiquity,  and  seem 
to  have  been  the  silent  witnesses  of  the  creation ;  it  is  upon 
their  summits  and  their  sides  that  we  can  read  the  history  of 
the  globe  in  characters  more  distinctly  defined,  than  even 
those  which  the  Alps  and  the  Pyrennees  afford. 
orSaiMr*  In  general  all  the  ch^ns  of  mountains  in  the  same  conti- 
nent, seem  to  have  a  mutual  connection  more  or  less  ap- 
parent :  they  form  a  sort  of  frame  work  to  the  land,  and 
appear,  in  the  origin  of  things,  to  have  determined  the  shape 
which  it  was  to  assume ;  but  this  analogy,  were  we  to  g&. 
neralisc  too  much,  would  lead  us  into  error.  There  axe 
many  chains,  which  have  very  little,  or  rather  no  affinity 
to  each  other.  Such  are  the  mountains  of  Scandinavia 
and  of  Scotland ;  mountains  as  independent  as  the  charac- 
ter of  the  nations  who  inhabit  them. 

In  making  use  even  of  the  word  *<  chain,^  great  caution 
is  required.  A  chain  may  be  defined  to  be  a  series  of  moun- 
tains, whose  bases  are  continuous ;  but  then  we  must  not 
push  the  meaning  of  the  word  <^  base^'  too  far.  It  would 
perhaps  be  of  advantage  to  understand  by  this  term  only  the 
visible  foot  of  the  mountain,  or  at  most  the  interior  strata, 
which  can  be  easily  traced  near  the  surface.  At  any  rate, 
we  must  beware  of  considering  collections  of  hills^  or  banks 
of  sand,  as  continuations  of  chains. 

We  must,  however,  acknowledge,  that  the  name  of  chains 
is  not  sufficiently  general,  and  that  it  would  be  better  to 
reserve  this  word  for  the  subdivisions,  and  to  employ  the 
<«  term  system  of  mountains,'^  or  <^  mass  of  mountains,^'  to 
denote  a  collection  or  combination  of  many  chains. 
Declivities  .  Mountains,  whether  insulated  or  in  groups,  exhibit  on  both 
tiwl*"^'    sides  declivities  which  are  either  gentle  and  long,  or  rapid^ 
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and  broken.  We  ought  partieulaiiy  to  remark  this  gene- 
ral fact,  that  the  greater  number  of  the  principal  mountains 
have  one  of  their  sides  very  steep,  and  the  other  of  a  very 
gradual  dope  \  The  Alps,  for  example,  are  much  mdnc 
rapid  in  their  descent  on  the  Italian  side  than  on  thd:  off 
Switzerland*  On  the  contrary,  the  Doj^rines,  or  Scanc^M 
navian  Alps,  have  a  much  steeper  declivity  U>  the  west  and 
Bortb-west,  than  towards  the  south  and  east.  The  Fyren- 
nees  are  steeper  towards  the  south  than  the  north;  the 
mountains  of  the  Asturias  are  the  reverse ;  but  those  of  the 
Sierra-Morena,  and  particularly  the  Alpujarras  in  Grenada, 
seem  to  be  steepest  and  most  abrupt  towards  the  south. 
Mount^Atlas  and  Mount^Libanus  border  the  Mediterranean 
with  bold  and  craggy  declivities.  But,  with  regard'  to  the 
latter  at  least,  it  is  certain  that  towards  the  Euphrates  it  is 
far  from  steep.  Mount  Taurus  (supposing  it  to  terminate 
at  the  source  of  the  Euphrates)  exhibits  two  very  different 
declivities ;  for  in  Caramania  and  Natolia,  the  descent  is 
very  abrupt  towards  the  south,  while  there  are  some  very 
extended  upland  plains,  or  plateaus,  towards  the  north :  in 
Armenia,  on  the  contrary,  the  declivity  on  the  north  side  is 
very  rapid.  The  Ghauts,  in  the  peninsula  on  this  side  the 
Ganges,  have  precipitous  hills  directly  towards  the  west, 
and  long  and  rather  gentle  slopes  towards  the  east. 
Thus  there*  is  no  constant  rule;  every  thing  depiends 
upon  local  drcumstances.  In  general  this  inequality  in 
the  declivities  takes  place  only  because  the  chains  of 
inouhtains,  when  most  distinct,  are  in  a  great  measure  no- 
thing but  the  abrupt  borders  of  long  upland  plains,  or  pla- 
teaus obliquely  inclined,  of  which  the  surface  df  the  globe 
seems  to  be  composed.  We  ought  also  to  distinguish  the 
mountains,  which  descend  by  degrees,  or  successive  banksy 
a  circumstance  attributed  sometimes  to  the  sinking  of  part* 
of  the  soil,  which  had  been  of  a  different  nature  from  the 
rest,  and  sometimes  to  the  action  g£  the  water  which  for- 
merly may  have  flowed  at  the  base  of  these  motmtains. 

•  Delameth^rie,  Tbeom  delft  Tcm,  ftc 
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,  Valleys  are  formed  by  the  separation  of  chains  of  nioun--. 
taiiisor  of  hills.  Those  which  are  found  between  high 
mountains  are  commonly  narrow  an&  long,  as  if  they  hod. 
originally  been  only  fissures  dividing  their  respective 
diiuns,  or  for  the  passage  of  extensive  torrents.  The 
angles  of  their  direction  sometimes  exhibit  a  singular  sym** 
metry.  « .We  see  in  the  Pyrenees,***  says  *  M.  Raymond, 
*<  some  valleys,  whose  salient  and  re-entrant  angles  so  per-: 
fectly  correspond,  that  if  the  force  which  separated  them 
were  to  act  in  a  contrary  direction,  and  bring  their  sides 
together  again,  they  would  unite  so  exactly,  that  eveA  the 
fissure  would  not  be  perceived.^  Tjiis  fact  has  boen  ob- 
served in  the  Alps  for  the  first  time  by  Bourguet,  who  has 
generalised  it  too  much^ ;  for  there, are  some  valleys,  situ- 
ated on  a  high  level,  totally  different.  We  see  some  which 
have  a  great  extent  in  length  without  being  cut  into  any 
angles  whatever,  forming  a  sort  of  elevated  pluns ;  such 
are  generally  those  which  lie  on  the  side  of  the  principal 
chains,  the  Valais,  for  example.  There  are  others  which 
are  large  or  swelling ;  Bohemia  or  Gachemire  are  instances 
of  this  sort  It  is  asserted,  that  they  have  been  the  basins 
of  some  ancient  lake,  which  had  be(y>medry  from,  the  break- 
ing down  of  the  bank  or  dam  formed  by  the  surrounding 
Valleys  in  mountains.  This  hypothesis,  developed  by  Lamanon  and 
^ui^ng^  Sulzer ',  appears  to  be  one  of  the  best  founded  of  any  which 
geologists  have  proposed.  There  are  also  some  highly  si* 
tuated  valleys,  containing  rivers  and  lakes  which  have  not 
outlets  of  streams.  There  is  a  remarkable  example  of 
this  in  Peru,  in  the  large  valley  which  contains  the  lake  of 
Titicaca.  '  Central  Asia  abounds  in  such  valleys.  Several 
nearly  of  the  same  sort  are  to  be  met  with  in  other  countries  ; 
and  miany  more  will  one  day  be  discovered  in  the  interior 
of  Africa. 

>  '  ObaemitioaBstiir  les  Pyr^D^es* 

y  MoBoiM  «T  la  Thflorie  de  la  Tctre,  4  la  sfkite  c|i<  LefUM  VhSHo&afkkpad 
tax  lea  Sek  et  Cristauz,  p.  181.  Compw  Bnffon,  Hist.  Nat.' edit  Ifwth 
L  p.  105. 

*  ScOzer,  Encydop.  Method.  Phys.  Geogr.  I  art.  DeUunetbeiie,  §  1514,  &c. 
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High  vallejs  ][>resent  also    some  remarkable    ckcum- Indlnatioii 
stances  as  to  their  forp.      Some  have  declivities  equal  J^^^** 
on  all  sides ;  others  slope  only  -on  one  side^  and  to  a  great 
extent,  while  the  opporite  side  is  steep  and  abrupt     Most 
oT  these  high  valleys  haye  their  surface  upon  a  level  with 
the  summits  of  tbe.^^c9nd|afy  mountains  in  the  naghbour- 
hood.     The  level  of  the  lake  of  Joux,  in  a  valley  of  Mount 
Jui^'  is  considerably  higher  than  that  of  the  Jake  of  Gene- 
va ^     In  a  few  instances  these  high  valleys  have  been  ob-*    ' 
served  to  enlarge  thelnselves  at  dii&rent  and  successive  pe« 
riods,  and  gradually  to  become  identified  with  the  plains* 
They  have  been  for  ages  almost  completely  barred  and  coiu 
fined  by  some  projecting  angle  of  the  chain  of.  mountains, 
which  girds  them  in.     The  sort  of  narrow  passfige^  by 
which  We.  enter  into  these  valleys,  is  called  a  pass  oi:  defile^  Fum,  de« 
and  as  formerly  each  valley  contained  a  small  indq)endent.^^  ^^ 
nation  or  tribe,,  the^  passes  are  called  by  the  French,  <^  les 
portes  des  nations.^    Such  Were  the  passes  of  Caucasus,  the 
Caspian  passes,  the  pass  of  Xssus,  rendered  celebrated  by  the 
victory  of  Alexander;  that  of  Thermopylae, ^immortaiiaed 
by  the  devoted  patriotism  of  Leonidas  and  bis  band  of 
Spartans.     The  Caudinas  Furculee,  where  Rome  saw  tlie 
glory  of  her  unjust  arms  deservedly  tarnished*     There  is 
betwe^i  Norway  and  Sweden  one  of  these  passes,  formed 
by  several  masses  of  rock,  cut  by  nature. into  the  diapa  of 
long  parallelograms,  and  which  have  between  them  a  pas^ 
sage,  shut  in  by  perpendicular  walls.     This  pass  is  neac 
Skissrdal.     Another  of  jthe  same  kind  is  at  <<  Foctfeld,** 
or  the  mountain  of  the  gate^     These  openings  exactly 
i«semble  those  by  which  the  Hudson  River   in  North 
America  passes  through  successive  chains  of  mountains, 
which  seem  desirous  of  checking  its  course  ^     The  Cordil« 
leras  of  the  Andes  present  the  most  stupendous  passes  of 


•  S«iaiiiie,  Voyage,  p.  S7d,  t^q. 

^  BefgDUOUit  Geog.  Fhynqae,  i.  1S5.  Cnmstedt  Description  de  ]«  lemptte, 
dum  let  Mem*  de  P  A<»d;  de  tkockliolm,  17Sd,  p.  t75; 
« JEUm*i  TmTds  in  America,  in.  ISl.  (in  Svediab.) 
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tlus  kind,  that  are  known;  they  are  irom  four  to  five 
l^m  val.  diousand  feet  deep  \  The  lower  valleys  aj^ar  to  us  un^r 
avery  diiferenl  aspect ;  they  widen  as  they  recede  from  the 
secondary  mountains  from  which  they  originate,  and  gra- 
dually lose  themselves  in  the  plains.  Their  oppoidte  angles 
gttierally  correspond  yery  regularly,  but  these  angles  are 
Very  obtuse. 
High  and  Fliuns,  like  valleys,  ore  of  two  classes :  the  high  plains, 
low  plaine.  ^tigh  ure  found  bctwecu  two  chains  of  mountains,  are  fre- 
quently .  of  great  extent,  and  are  placed  as  it  were  upon  the 
shoulders  of  the  secondary  mountains:  such  are  the  elevat- 
ed plains  <^Tartary,  of  Persia,  and  probably  of  the  interi* 
or  of  Africa.  The  plains  of  i^uito  are  19;000  feet  above 
the  level  of  the  sea:  those  of  Soirakorum,  in  Chinese  Mon«i 
gdia,  are  probably  as  elevated.  The  low  pluns,  whose  soil 
is  composed  of  sand,  gravel,  and  shells,  seem  formerly  to 
have  been  the  basins  of  interior  seas.  Such  are  the  plains 
on  the  north  side  of  the  Caspian,  the  large  plain  to  the 
south  of  the  Baltic,  and  that  through  which  the  river  of 
the  Amazcms^ows ;  the  Tehama  of  Arabia,  the  Delta  of 
Egypt  and  others  of  a  similar  nature ;  which  seem  to  have 
been  once  covered  by  the  waters  of  the  ocean  and  its  gulphs. 
The  coasts  or  shores  of  the  sea,  and  of  lakes,  deserve  also 
great  attention.  These  are  the  extreme  limits  of  our  sys« 
tern  of  mountains.  Some  shores  are  broken  and  steep.; 
this  happens,  when  a  mass  of  rock  extends,  either  beneath 
or  above  the  surface  of  the  soil  quite  to  the  water ;  as  in 
Gallicia,  in  Bretagne,  in  Norway,  and  in  Scotland.  This 
description  of  coasts  admits  of  two  subdivisions.  1st,  We 
Coasts  steep  have  those  which  are  abrupt  and  broken,  and  as  it  were 
ed,  &C.  notched,  formed  by  various  masses  of  rocks  united  at  thdr 
bases,  either  above  or  beneath  the  surface  of  the  water : 
these  rooks  often  form  clusters  of  islands,  which  surroimd 
the  coasts ;  such  are  the  ^^  garden  of  the  king,**  and  of  the 
<<  queen,^  at  Cuba,  the  archipelago  of  Mergui  in  India^  the 

^  HumbQldli  Vims  dwCMiUerai^  p.  A» 
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eoasts  of  New  Soutb  Wales,  the  Skiergord  of  Norway  and 
Swedeo.    This  class  may  again  be  sub(£yided  according  as 
the  steepness  of  the  shore,  arises  from  tn^  granitic  and  other 
locks,  or  from  those  masses  of  coral  formed  by  the  polypi 
which  fill  the  seas  between  the  two  tropics.    Ifdly,  We 
have  coasts  where  the  shore  or  boundary  is  equally  steep 
above  and  below  the  surface  of  the  water,  leaving  the  sea  it^ 
€elf  quite  free ;  these  are,  strictly  speaking,  the  <<  steep 
coasts.''    Such,  in  general,  are  those  of  the  Mediterranean 
and  of  the  Black  Sea:  those  of  Dalmatia.  and  some  parts 
of  the  Ar^diipelago  moreproperiy  belong  to  the  first  di- 
vifflon.    America  possesses  Scarcely  any  other  variety  of 
coasts  on  the  side  of  the*  Pacific  Ocean,   beginning  at; 
Cape  Horn  and  proceedbg  to  Behring^s  Straits.  ^  This  is 
the  largest  continuation  of  steep  shores  known  upon  the 
globe.     Mariners  c^l  a  coast  bold  bluff,  when  it  meets 
the  ocean  with  a  rapid  decUvitsy,  and  dear,  when  it  is  not 
bristled  with  rocks. 

Ix>w  coasts  are  formed  by  land  of  a  sofler  quality,  ap-  Coasts 
proaching  the  water  by  a  gentle  and  gradual  slope.    These  fjJJJ^  ^ 
may  be  thus  classed;  1.  Coasts  formed  by  hills.    Such 
are  those  of  all  the  Danish  islands,  of  Scania  and  Pomera- 
nia,  consisting  chiefly  of  calcareous  matter.    Shores  of  this 
kind  seem  more  particularly  to.  belong  to  lakes  and  small 
inland  seas,  although  indeed  the  basins  containing  these 
are  often  surrounded  by  steep  shores,  as  grand  and  bold  as 
those  which  border  the  ocean.     2.  Flat  coasts,  formed  by  coasts 
sands  and  substances  which  the  sea  has  deposited.     These  ^®'™*^  ^ 

downs  or 

appear  under  the  form  of  sandy  or  marshy  plains,  and  ex- flats. 
tend  a  long  way  into  the  sea,  leaving  the  water  more  or  less 
shallow.  They  are,  however,  of  various  kinds.  They  are 
scmietimes  like  those  in  Gascogne  and  Jutland,  the  an- 
cient ^ides  of  low  hills,  round  which  the  sea  has  col- 
lected masses  of  sand,  which  are  either  fixed  or  shifting : 
sometimes  they  are  a  sort  of  downs  %  formed  by  the  sea, 

*  Xhe  low  and  flat  g;tound  at  Yannouth,  in  Norfolk,  between  the  sea  and  the 
Bnr«  ifl  called  the  Banea  or  Daines,  evidently  from  the  French  word 
*•  Dunea.*'    T. 
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togellier  with  soil  deposited  by  large  rirer^,  as  in  Holland^ 
in  Egypt,  and  at  the  mouth  of  the  Mississipi.  A  collection 
of  slimy  matter  is  also  sometimes  formed  by  the  ocean;  as  in 
the  fliit  and  flooded  lands  on  the  shores  of  French  Guiana 
The  low  coasts  are  sometimids  exposed  without  any  natund 
rampart,  to  all  the  fury  of  the  waves,  and  then  we  may,  with 
Tacitus,  be  uncertain  whether  to  regard  them  as  constitute 
ing  a  pare  of  the  land  or  a  paH  of  the^sea ;  others  are  secur* 
ed  by  a  chain  of  downs  that:  are  fixed  and  mingled  with 
rocks  like  North  Jutland.  It  was  only  by  a  Wilful  and 
persevering  imitation  of  these  natural  barriers,  that  the 
Dutch  recovered  the  soil  of  their  country  fnorn  the  empire 
of  the  ocean. 

lalaiids.  Islands  of  great  elttent  exhibit  on  a  small  scale  the  same 
appearances  as  the  continents  do  on  a  large  one.  The 
smaller  islands,  however,  deserve  a  distinct  conndera* 
tion.  These  may  be  classed  in  various  ways.  They  are 
single,  or  in  groups  or  chains.     Among  the  low  or  flat 

^^  islands,  there  are  some  which  are  only  banks  of  sand, 
scarcely  raised  above  the  surface  of  the  water ;  sometimes 
they  consist  of  masses  of  shdils  or  petrifactions,  as  the  isles 
of  Lachof  to  the  north  of  Siberia,  which  are  nothing  but 
)nasses  of  ice,  sand,  and  the  bones  of  the  mammoth.  .  The 
greater  number  of  the  islands  of  the  South  Sea,  formed,  or 
at  least  enlarged  by  polypi,  are  composed  soldy  of  coral  or 

V«ktti^  madrepores.  Among  the  more  elevated  idands,  we  find 
very  many,  which  owe  their  foundation,  in  a  great  measure 
at  least,  to  the  action  of  volcanoes,  which,  after  bursting 
forth  from  the  original  summit  of  the  island,  have  continued 
to  discharge  lava  from  their  crater  in  all  directions,  until  by  • 
slow  and  gradual  accumulation  they  have  formed  those  vast 
and  lofty  peaks,  which  serve  as  land  marks  to  the  distant 

Chains  and  mariner.     When  groups  of  islands  are  placed  near  each 

S^5J,  other,  we  may  fairly  conjecture  that  they  are  only  the  dif^ 
ferent  summits  of  one  extensive  submarine  i^ass.  So  also, 
when  they  appear  to  follow  one  constant  direction,  they 
probably  form  only  the  eminences  of  a  chain  of  submarine 
mountains.     Such,  when  situated  in  the  same  line  with  the 
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promontory  of  a  oondnent,  or  with  mountains  on  shore, 
may  be  oon»dered  as  a  continuation  of  the  chain.  Thus, 
it  is  evident,  the  Kurile  islands  connect  Yeso  or  Jesso  with 
Kamttihatka,  in  the  same  way  as  the  great  and  small  An- 
tilles connect  the  two  co/itinents  of  America.  But  to  make 
the  observation  hdd,  the  intervals  which  separate  the  is- 
lands must  either  be  very  small,  or  be  filled  up  with  rocks 
and  shoals  beneath  the  surface,  so  as  to  preserve  unbroken 
the  continuity  of  the  bases  of  these,  maritime  mountains: 
Thus,  the  supposed  c&aneiAjQn  between  the  Canary  Islands^ 
the  Azores,  and  mount  Adas  in  Africa,  though  possible,  re- 
quires  to  be  vVerified  by  repeated  soundings,  so  as  to  dis- 
cover the  nature  of  the  bottom  of  the  intervening  sea. 

Mountains,  in  general,  have  no  precise  and  regular  direc-* 
tioo.  The  chuns,  sooner  or  later,  bend  and  deviate  into 
H  curve^  and  frequently  lose  themselves  in  plateaus,  or  up- 
land plains. 

We  must  not  therefore  give  the  reins  to  our  imagina- Chains  of 
tion,  and  pretend  to  trace  entire  series  of  terrestrial  and  ^^"^^^ 

^  *  and  ai¥i« 

submarine  chains,  and  thus  form,  a  frame-work  for  thesionsof 
globe,  which  has  no  existence  in  nature  '.  It  is  not  suffi* 
cient  to  see  upon  a  map,  that  there  is  in  a  particular  place 
a  division  in  tiie  seas.  There  are  many  such  divisions  in 
the  worid,  which  afford  no  traces  whatever  of  mountains^ 
but  only  of  extended  plateaus,  or  upland  plains,  which  rise 
with  a  gentie  inclination  on  both  sides,  often  for  the  space 
of  a  hiindred  leagues.  We  meet  with  no  lofty  mountains,  « 
but  a  collection  of  hills,  in  the  centre  of  European  Russia, 
although  this  is  the  centre  whence  some  of  the  largest 
rivers  of  Europe  diverge.  Nay,  there  is  actually  in  Kus- 
&an  Poland,  between  the  Niemen  and  the  Duina  on  one 
fide,  and  the  Dnieper  and  Dniester  on  the  other,  a 
point  ot  dividon,  which  affi>rds  no  sensible  elevation  what- 
ever, and  where,  instead  of  the  mountains  laid  down  by 

'  Flu  Boadie,  Emsi  de  Geognpbie  physique,  dans  les  Mem.  de  T  Acad. 
dct  Sciences,  1752,  p.  399.*— Comp.  Lefamano,  Spedmen  chorogiaphis  ge. 
tm^  tractus  moutium  primarios  sisteiis.    Petiop.  1762. 
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JBuache^  travellers  haVe  discovered  only  a  marshy  plain. 
Even  about  the  middle  of  the  course  of  the  Dnieper,  there 
is  a  mountainous  elevation,  consisting  .of  pebbles  and  shells, 
which  that  river  passes  through,  following  a  deep  fissure  or 
*  glen,  in  which  it  runs  ^.  On  the  other  hand,  the  Niemen 
passes  round  sonie  hills  of  Eastern  Prussia,  much  more 
elevated  than  the  point  of  division  of  the  waters,  as  is  shewn 
in  Fig.  48,  which  is  the  profile  of  Europe,  between  the  Baltic 
and  the  Black  Sea.  A  total  difierence  may  be  observed 
Jbetween  this  profile,  and  that  which  the  same  quarter  of 
the  world  presents,  bisected  in  the  direction  of  the  gulphs 
of  Genoa  and  Hambourg,  (Fig.  49*)  and  both  these  again 
form  a  contrast  with  that  of  the  plateau  of  Mexico,  (Fig. 
50.)  and  of  South  America.  (Fig.  61.)  one  of  which  is  co* 
pied  from  the  original,  in  the  possession  of  M,  Humboldt, 
and  the  other  from  a  scale  of  heights,  published  in  his  tra- 
vels. We  may  easily  judge  into  what  absurdities  we  may 
be  led,  should  we  have  recourse  to  any  general  system 
whatever,  for  the  purpose  of  discovering  facts,  of  which 
observation  alone  canjpoint  out  to  us  the  astonishing  va-. 
ripty. 
Svbmsrino  The  system  of  Buache  has  given  rise  to  those  chains  of 
'^i^^  submarine  mountains,  which  do  not  in  fact  exist,  but  which> 
nevertheless,  make  a  figure  in  some  theories  of  the  earth. 
A  detached  island,  a  sand-bank,  a  reef  of  rocks  at  the  6ur« 
face  of  the  water,  are  sufficient,  in  this  author^s  opinion,  to 
indicate  a  submarine  chain,  between  two  points  of  the 
^orld,  however  distant  from  each  other.  Nay,  sometimes 
he  has  not  deigned  to  assign  any  reason  whatever  for  his 
conjectures.  For  example,  he  would  represent  Iceland^ 
the  Faroe  Isles,  and  those  of  Shetland,  as  forming  one  sub« 
marine  mountain  between  Greenlc^nd  and  Norway,  notwith- 
atanditig  that  there  is  a  deep  sea  between  Norway  and  Shet* 
land ;  and  that  from  the  direction  of  the  mountains  being 
parallel,  and  not  converging,  tl^ese  chains  could  in  fact 

s  Hydrographical  cliact  of  Poland  by  Rouet»n  and  KomarzewskL    Map  of 
^izsi'Zannoni.    Notes  by  MM.  Stibidowitz  and  NiemcewiM  of  Vfi^ 
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iiever  coincide.'  Besides,  the  basaltic  nature  of  Scothnd, 
of  Ireland,  of  Faroe,  and  of  Iceland,  seem  to  point  out  an 
ancient  union  of  tbe  British  Islands  with  Greenland,  rather 
than  with  Norway.  In  the  same  way,  the  submarine  chuns 
of  the  South  Sea,  h&ve  in  general  a  direction  quite  diffeiu 
ent  from  that  which  Baache  ascribes  to  them,  according  to 
the  uncertain  discoveries  of  his  time.  They  have  not  the 
least  connection  either  with  Mexico  or  South  America,  any 
more  than  with  the  imaginary  Austral  continent*  Many 
0f  these  chains  of  islands,  and  particularly  those  which  ar« 
the  most  insulated,  have  a  very  remarkable  direction,  but 
entirdy  opposed  to  the  system^  of  Buache ;  they  extend 
from  north-wAt  to  south-east,  iu  tlie  direction  of  the  mag- 
netic axis  of  the  earth. 

Let  xis  however  examine,  notwithstanding  the  erroneous  General  di- 
hypothesesof  our  predecessors,  whether  we  cannot  ii^t'^o^J^'*^"^^, 
duce  general  views  more  conformable  to  tbe  truth,  in  ourtaiiw  of  tbe 
attempts  to  trace  some  sort  of  constant  analogy,  in  the  di-^^ 
rection  of  the  mountains  of  the  two  continents. 
-    If  we  draw  a  line  from  the  centre  of  Thibet,  across  Chi« 
nese  Mongolia,  towards  Okotsk,  an8  thence  towards  Cape 
Tchutchi,  or  the  eastern  promontory  of  Asia,  this  line  will 
in  general  coincide  with  an  immense  chain  of  mountains, 
which   run  from   the  sduth-west  to  the  nor^-east,  and 
levery  where  descend  very  I'apidly  towards  the  Indian  and 
Pacific  Oceans ;  while  on  the  other  hand,  they  extend  them- 
selves towards  the  Icy  Sea,  in  plains  and  secondary  hills. 
It  is  probable  that  we  may  one  day  be  able  to  reduce  to  the 
same  rule,  tbe  chain  of  Lup£kta,  called  the  <<  Spine  of  the 
world,^  which  is  situated  in  Africa;  at  least,  the  short 
chain  from  the  Cape  of  Good  Hope  to  that  of  Guardafui, 
in  a  direction  of  south-south-west,  and  of  north-north-east, 
which  is  nearly  the  same  direction  as  the  great  chain  of 
Asia ;  but  we  are  still  ignorant  of  the  declivities  of  these 
mountains.     We  may  consider  the  lofty  and  steep  moun- 
tains of  Arabia  Felix  ^  as  the  link  which  connects  the 

^  Seetzen,  dafts  Zach.  Attron.  Correip.  xL    See  ^^  Anhuk,**'  vol.  ii.  uk 
fbiiwork. 
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mountains  of  Lupata  with  the  plateaus  and  mountains  of 
Persia,  on  the  side  of  Thibet   '  >  > 

From  Bebring''8  Stcaits  to  Cape  Horn,  if  we  follow  the 
western  coasts  of  America,  we  shall  find  one  unbroken  chain 
of  the  highest  mountains  of  our  globe.  This  chain  occasion- 
ally bends  a  little  into  the  interior,  but  it  more  frequently 
closely  borders  the  ocean,  with  a  range  of  steejp  and  bold 
sdiores,  and  sometimes  with  the  moist  tremendous  precipices* 
On  the  other  sde,  the  outlets  of  lakes,  and  the  direction  of 
the  great  rivers,  evidently  shew  that  nearly  the  whole  sur-* 
face  of  America  inclines  towards  the  Atlantic  Ocean. 
Gveat  It  follows  from  these  combined  observations,  that  the 

^^°^  greatest  chains  of  mountains  upon  the  face  of  our  globe 
are  ranged  in  a  circle  round  the  Great  Ocean,  and  ^e  In« 
d^  Sea ;  that  they  more  frequently  exhibit  steiep  and  ra- 
pid descents  towards  thatimmense  basin,  which  they  sur« 
round,  and  long  and  comparatively  gepUe  d^livities  on  the 
opposite  coasts ;  that  in  short,  from  the  Cape  of  Good  Hope 
to  Behring^s  Straits,  and  from  thence  to  Cape  Horn,  th^ 
eye  even  of  the  most  severe  and  scrupulous  observer,  can- 
not fful  to  discover  some  links  of  an  arrangement,  as  astcta- 
ishing  from,  its  uniformity  as  from  the  immense  ejctent  of 
country  which  it  embraces. 

Let  us  stop  here  for  a  moment,  and  consider  this  grefit  faqt 
of  physical  geography.  If  we  suppose  ourselves  placed  i^. 
.  New  South  Wales,  with  our  face  turned  towards  the  north, 
we  shall  see  America  on  our  right,  Africa  and  Asia  on  ou|: 
left.  These  continents,  which,  not  long  since,  we  could  iy>t 
even  in  imagination,  consider  as  at  all  approaching  each 
other,  being  examined  from  this  point  pf  view,  form,  as  it 
were,  one  whole,  the  strncture  of  which,  as  £eu:  as  it  is 
known,  exhibits  in  its  grand  features  a  most  amazing  sym- 
metry. A  chain  of  enormous  mountains  surrounds  a  va^t 
basin :  this  basin,  divided  into  two  by  a  large  mass,  of  is- 
lands, frequenUy  washes  with  its  waves  the  base  of  this 
great  primitive  chain  of  the  earth.  But  when  did  this  im- 
mense chain  of  granite  and  porphyry  shoot  up  from  the  bosom 
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cpf  the  w&ters  ?    Or' when  did'  those  lofty  seobndary  moun^ 
tains  sink  into  the.  dppths  of  the  ocean,  and  by  their  simuL* 
taneouB  siibinersibn,  form  that  steep  and  abrupt  mnge  of 
coast,  which  pr^ominates  over  this  globe  ?    Shall  we  sup- 
pose that  the  earth  was  fonnarly,  like  the  plabet  Saturn,  su)% 
Tounded  by  a  ring,  and  that  this  celestial  vault,  losing  its 
equi&brium  ^,  was  precipitated  upon  the  surface  of  the 
earth'?     But  to  what  length  will  ima^nation  wander, 
emboldened   by   seductive,   but  vague  and  inconclusive 
analogies?      Let  us  then  return  to  the  old  continent, 
and  recollect,  that  the  vast  re^ons  of  India  and  China, 
contrary  to  sucb  analogies,  are  placed  to  the  south  of 
this  great  girdle  of  mountains ;  that  the  peninsula  beyond 
the  Granges  even  joins  that  astonishing  group  of  brokeai 
and  intersected  countries,  which  fill  the  centre  of  the  great 
basin ;  and  that  this  is  as  it  were  the  link  which  connects 
^th  the  presmit  continent,  those  grand  remains  of  a  for- 
mer continent,  of  a  hemisphere,  which  seems  to  have  dis- 
appeared. 

If  again  we  consider  under  the  same  point  of  view  General  in- 
the  whole  extent  of  the  two  continents,  which,  in  regard  <^»»f**»  of 

,  GODuiientt* 

to  the  great  ocean,  is  placed  beyond  this  principal  chain  of 

the  globe,  we  shall  perceive  that  the  greater  part  of  the 
plateaus,  or  upland  levels,  and  of  the  chains  of  mountains, 
incline  very  generally  towards  the  Atlantic  and  Northern 
Oceans.  That  extent  of  waters,*  vast  as  it  is,  appeairs  then 
only  like  a  canal,  if  we  compare  it  with  the  great  Pacific 
Ocean.  The  steep  coasts  which  border  the  Atlantic,  are 
nothing  in  comparison  with  those  of  the  Cape  of  Good 
Hope  and  of  Cape  Gardafui,  with  the  precipices  which  sur- 
round the  seas  of  Eamtchatka,  of  Peru,  and  of  ChilL 

We  may  expect,  perhaps,  to  find  likewise  a  certmnEjevatiMi 
general  analogy  among  mountains,  in  regard  to   their  <>''.o^°<"^* 
height;  but  we  must  at  once  confess,  that  we  are  still 
less  acquainted  with  the  real  height  than  with  the  di- 
rection of  the  principal  chains  of  mountains.     Our  mea- 

1  Comp.  Laplace,  Syst  du  Monde,  1.  iv.  ch.  9.  p.  255,  Sd  edit. 
VOL.  I.  N 
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surements,  whether  taken  trigonometrically,  or  fiiem  the 
comparatiTe  height  of  the  barometer,  have  been  made  to 
DO  great  extent,  exoept  in  Europe  imd  Ameiiea.    But  in 
sueh  general  observations  upon  the  whole  of  the  gleibe^ 
Eurc^cannotbe  r^arded  as  a  very  important  part,  orasa 
standard  of  comparison  much  to  be  depended  upon ;  because 
the  summits  of  our  Alps,  such  as  Mount  Blanc,  Mount 
Mosa,  the  Ortelos,  are  elevated  only  about  14  or  15,000 
feet,  while  diose  of  the  Cordilleras,  Chimb(»razzo,  Antisana, 
and  Pichindia,  tower  to  the  height  of  19  or  20,000,  is  that 
a  reason  to  conclude,  that  the  new  world  has  in  general 
loftier  mountains  than  the  old,  or  that  the  mountains  in* 
crease  in  elevation  as  they  approa<5h  the  equator  ?    One  c^ 
these  concluaions  is,  and  will  continue  to  be  haaarded,  until 
the  intrepid  Humboldt  has  measured  the  Alps  of  Thibet, 
m(xe  devated  still,  perhaps,  than  Chimborazzo ;  the  othar 
is  decidely  false,  since  the  Andes  of  Chili  are  reckoned  to  be 
as  high  as  those  of  Peru  ^;  the  volcanos  of  Mexico  are  but 
very  little  inferior  to  those  of  Quito ;  and  the  en<»nnou^ 
peaks  of  Sjpitzbergen  and  Greenland,  appear  to  equal  the 
Alps,  and  very  much  to  surpass  the  mountains  of  Norway 
and  Russia,  to  which,  according  to  the  hypothesis,  they 
ought  to  be  inferior.    It  is  proper,  therefore,  to  reserve, 
until  we  enter  upon  the  description  of  the  several  parts  of 
the  world,  the  few  general  comparative  observations  sug- 
gested by  thpse  mountains  whose  heights  have  been  already 
determined. 

»  Moliiii,  Hift.  Nat.  dt  €hiU. 
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BOOK  VIII. 

ConHnuation  of  the  Theon/  of  Qeographf.  Of  the  Inte* 
rior  Structure  qftheSdlidPMs  of  the  Earth.  Of  Banks 
or  S^hes,  Strata,  Caverns ,  and  Veins. 

[Lb^vihg  the  surface  of  the  earth,  which  itself  is  so  im- 
perfectly known  to  us,  and  descending  into  its  interior,  our 
knowledge  of  which  is  still  more  confined,  we  ure  now  about 
to  consider  the  solid  crust  of  the  globe,  in  so  far  as  it  hag 
been  examined  in  reference  to  its  interior  structure,  and  the 
substances  of  which  it  is  composed. 

To  whatever  depth  excavations  have  been  made  in  differ.  Strau, 
ent  countries,  they  have  uniformly  shewn  that  the  greater  ^'^ 
portion  of  the  eardi  conmsts  of  strata  of  materials  of  dif- 
ferent natures,  irregularly  disposed.  When  these  strata 
aise  of  afiimilar  nature,  Und  of  great  thickness,  they  are 
called  beds  or  bank9  (bancs.)  If  they  preserve  a  horizon- 
tal position,  we  call  their  subdivisions  layers  {assizes.)  But, 
although  we  find,  even  upon  the  highest  mountains,  bank% 
if  not  layers,  the  almost  vertical  position  of  the  prindpal 
masses  of  roost  of  the  higher  mountains,  obliges  us  to  give 
them  the  name  of  blocks  (phcs^)  although  this  name  by  no 
means  points  out  the  nature  of  these  masses,  which  some 
regard,  with  mudi  probability,  as  enormous  crystals  %  while 
others  affect  to  consider  them  only  strata  changed  in  their 
position  ^     Sometimes  the  blocks,  or  bedd,  are  divided  by 

•  Ddametherie,  Thiocie  de  la  Tene,  sec.  1339,  et  teq.  Patrio,  Hist  Nat 
des  IfSneiaaz,  L 103. 

*  Sausfuzet  Voyage  dans  lea  Alpes»  sec  604<^S0.  Compaxe  his  opinumsy 
sec  1691  and  2300.    Dtloc,  Ijett.  Gedlog.  a  JBlumenbadi,  p«  1S8.     <£n 

Fxstt.) 

We  have  adopted  the  tcnns  of  our  author,  though  tfaay  by  no  means  coind^^ 

with  those  used  by  oar  own  writeis  upon  geology  and  mmwalogy;  bttt^in  order 
to  prevent  mistake,  we  hare  m  general  gina  the  FitKh  tsim  alia.«-»2V»fi^^ 


180  BOOK  EIGHTH. 

vertical  fissures,  and  then  their  portions  may  be  called 
leaves,  or  laminae,  (feuillets  ou  lames.)  We  regret  that 
*  these  terms  convey  no  precise  and  fixed  meaning ;  but  we 
••*  also  acknowledge,  that,  in  contemplating  the  objects  of  na- 
ture, it  is  impossible  to  submit  them  to  a  more  rigorous 
clas^cation  ^. 

The  different  masses  which  we  are  about  to  describe, 
are  thrown  one  upon  the  other  in  every  possible  man- 
ner, both  horizontally  and  at  every  angle.  Frequently 
in  moderate  elevations,  and  more  particularly  in  low  lands, 
the  different  strata  preserve,  for  hundreds  of  leagues,  a  pa- 
rallel  position ;  thus  the  limestone  or  calcareous  strata  con- 
tfdning  numerous  shells,  upon  which  the  city  of  Paris  is 
built,  extend  across  what  was  formerly  caUed  the  Isle  of 
France,  as  far  as  Bel^um  \  The  gypseous  strata  of  Mont- 
martre,  and  of  the  heights  of  Belleville,  have  the  same  de- 
gree of  elevation,  though  separated  by  a  valley.  In  Cham- 
pagne, a  lairge  bed  of  chalk  runs  nearly  upon  the  same  level 
from  Rhetel  to  Sens  ^ .  Even  the  most  perfectly  crystalliz- 
ed rocks  appear  sometimes  to  follow  a  horizontal  direction. 
A  ridge  of  granite  seems  to  extend  straight  from  the  liima- 
sin,  by  Foitou,  to  Cherbourg  in  Normandy  1  Another 
girdle  or  band  of  granite  foUows  the  valley  of  the  Upper 
Loire  from  Creuzot  and  Mount  Cenis  to  Saint  Etienne 
through  a  space  of  seventy  leagues  ^.  Rocks  of  trapp  aumlar 
to  those  in  Westrogothia  are  found  again  upon  the  same  le- 
vel in  some  mountains  separated  by  extensive  plains.  In  the 
island  of  Rugen  in  Pomerani^,  in  the  Danish  island  of 
Moen,  and  at  Stevens  in  Zealand,  the  strata  of  chalk  and 
flint  correspond  with  each  other,  though  an  open  sea  fl6w3 
between  their  bases.     What  confusion,  nevertheless,  do  we 


•  *  Bogmaniiy  G6og.  Phys>  L  197. 

^  Cuvier  et  Broosiart,  AnnalM  da  Moainin,  vi 

•  Linck,  Voyage  en  Portngal,  L  48.      Dupin,  Statist  des  Deux*Sdvre8» 
105.    Journal  des  Mines,  Ko.  viii.  p.  27-— 29. 

'  Delam^erie,  Tbeorie  de  la  Terie,  vr.  see.  954,  s«u  1154. 

K  BmtU,  Statist,  de  1' Aobe,  p.  6. 
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find  by  the  side  of  this  tranquil  regularity  of  formation ! 
What  traces  of  destruction  at  once  alarm  and  delight  the 
observer  of  nature ! 

In  the  plains,  and  on  moderately  high  mountains]^  we   ^ 
meet  with  strata  that  have  been  entirely  inverted,  or  Stnte  in- 
partly  shifted  from  their  first  position,  bent  in  every  shape,  ^^^ 
crooked  and  curved,    and  returning   upon   themselves; 
the  mountain  of  Saint  Gilles  near  Liege  exhibits  all  these 
anomalous  appearances  ^. 

We  find  considerable  strata  in  Mount  Jura^  which,  hav- 
ing been  overturned  or  pushed  forward  upon  others,  have 
stopped  in  a  position  so  precarious,  that  the  apphcation 
of  the  least  force  would  put  them  again  in  motion'. 
The  Alps  exhibit  a  striking  spectacle  of  disorder  and 
confusion.  We  discover  pyramidal .  mountains,  like  the 
needle  of  the  south,  the  layers  of  which  are  ranged 
round  the  axis  of  the  pyramid  like  the  leaves  of  an  ar-Stntacon- 
dchoke,  if  we  may  be  permitted  to  compare  those  enor-^^g^^ 
mous  rocks  to  a  small  vegetable  K  Nant  d'^Arpenaz  pre- 
sents to  our  view  a  sort  of  hemisphere,  composed  of  regu- 
larly curved  strata  K  At  every  step,  the  rules  which  ap- 
pear most  generally  followed,  are  broken  and  set  at  defi* 
ance  by  the  greatest  possible  diversity.  If  Mount  Blanc  be 
composed  of  enormous  vertical  blocks.  Mount  Rosa,  equally 
gigantic,  presents  only  horizontal  strata,  a  little  inclined. 

These  strata  are  almost  all  intersected  by  fissures  and  ca-  Can^e* 
vities  more  or  less  considerable.  Some  consist  of  interstices  ^iiiedobe. 
led  between  two  ancient  rocks  at  the  moment  of  thdur  crys* 
tallization  ;  the  great  msLjonty  appear  to  owe  their  ori^n 
either  to  the  retiring  or  »nking  of  the  earth.  The  first  of 
these  causes  has  considerably  increased  them  in  the  calca- 
reous mountains  of  secondary  formation;  they  are  less 
frequent  in  gypsum.  Some  of  these  fissures  have  been 
filled  with  metallic  substances,  some  by  the  filtering  of  wa« 

^  Delametheiie»  L  c.  sec.  1382,  1383,  pL  vL  &c 

*  Beitnnd,  Nout.  Princ.  de  Geologic,  p.  18?. 
^  Saumire,  Voyage,  tec.  569. 

*  Ibid.  lee.  473. 
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ter  impregnated  with  stony  matter,  others  by  incrus- 
taticms,  by  alluvial  minerals,  by  vegetable,  and  animal 
earths ;  lastly,'some  have  remained  open,  and  form  ravines, 
precipices,  abysses,  when  they  are  open  to  the  sky ;  or  ca« 
vems  and  grottos,  when  they  have  walls  and  a  natural 
roof. 

In  another  part  of  this  work,  we  shall  point  out  and 
occasionally  describe  at  length  the  most  retnarkable  ca- 
verns and  grottos  of  oiu*  globe ;  but  we  must  here  confine 
ourselves  to  general  views.  There  are  some  very  consider- 
able  caverns ;  frequently  the  first  excavation  is  only  the 
vestibule  to  another  much  deeper  and  larger,  but  the  di- 
mensions of  caverns  have  generally  been  much  exaggerated. 
The  depth  of  that  of  Eldon  Hole,  near  Castleton  in  Der- 
byshire, has  not  been  discovered,  though  sounded  with  a 
line  of  more  than  9600  feet  °'.  Near  Frederickshal  in  Nor- 
way, there  is  a  hole,  into  which,  if  stones  be  thrown,  two 
minutes  appear  to  elapse  before  they  reach  the  bottom,  from 
which  it  has  been  concluded  that  the  depth  was  upwards  of 
11,000  feet  ^  Among  the  numerous  caverns  of  Camiola, 
that  of  Adelsberg  is  said  to  afibrd  a  subterranean  walk  of 
two  leagues ;  but  this  computation  of  rather  too  enthusiastic 
a  writer  requires  to  be  confirmed^.  Many  caverns  are  re- 
markable for  various  natural  curiosities.  There  are  some 
from  which,  in  summer-lime,  an  ice-cold  wind  issues  with 
astonishing  force.  Mount  Eoto  near  Turin  in  Italy  is  an 
example  of  this  p.  There  are  others,  the  walls  of  which  are  in 
autumn  covered  with  ice,  which  melts  in  December.  There 
are  two  or  three  in  France  that  have  attracted  notice; 
among  others  the  grotto  of  Notre  Dame  de  Balme  near  Gre- 
noble ^.  The  little  communication  which  these  caverns  have 
ivith  the  external  air^causes  them  to  change  their  temperature 

"  U(74.  VhH  Trans.  1771,  vol.  Izi.  part  L  No.  SI. 
<*  Pontoppidan's  Natiml  History  of  Norway,  L  101. 
•  Valvasor,  Gloire  de  la  Camiole,  1699. 

p  Kircher,  Mund.  Stibterran*  lib.  iv.  239.     (Compare  the  Grotto  of  Mo* 
tiers  in  fiemonUi's  Description  of  Neucfa&tel  p.  32.) 
^  Mem.  del'Acad.  des  Sdences,  1755,  p.  149,  &c. 
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long  aftdr  it  becomes  ohaiigpd  upcm  the  surfaoe  of  the 
€arth.  The  most  interesting  oaverns;  and  tbi$  most  curious 
for  thdr  aatural  pifoductions,.  are  certainly  those  from 
wbose  roofs  water,  impregnated  vith  calcareous  matter, 
has  dropped,  and  which,  ^ther  becoming  hardened  by  de« 
grees,  remains  suq»ended  from  the  yaultd  of  the  cavemsi  in 
the  dbape  of  long  ctystals,  fx  falling  to  the  ground,  assume  M^titei. 
s  thousand  fantastic  fcMfms,  often  repreaenting  various  ve- 
getables and  animals.  It  is  to  this  drcumstance  that, 
the  grottb  of  Antiparos  owed  its  celebrity.  The  naturalist 
prefera  those  caverns  which  qontmn  petrified  bone&  These  JBooei. 
are  the  viaiUe  ri^maias  of  scHne  vast  burial  places,  where 
the^  revolutions  of  th0  globe  have  dqpoated  whole  genera^ 
tiofis  of  living  beings*  We  are  also  acquainted  with  some 
caverns,  whither  certain  spedes  of  marine  animals  have  xof* 
tired,  when  they  felt  tjiendselves  about  to  expire. 

There  are  caverns  winch  contain  deep  pits  of  water,  or  Wdb  in 
wells,  sometimes  so  extensive  as.  to  acquire  the  name  of  sub*.  ^^^"^ 
tenaneboa  lakes.  There  are  others  from  which  rivers  d^ 
rive  theit  source :  while  tome  are  known  to  receive  very 
confiidecable  streams,  which  lose  themselves  in  the  interior. 
Such  are  the  innumerable  cavities  of  the  Julian  Alps^  in 
Caiiuola  and  Groatia.  It  is  to  siimlar  reservoirs  that  we 
must  attribute  the  periodical  disappearance  of  the  lake  of 
Gaknitz  ^  .  There  are  aome  caverns  in  Norway,  where,  as 
you  walk  upon  an  arched  calcareous  floor,  you  hear  the 
roar  dTinvi^ble  torrents  under  your  feet  Many  caverns 
in  Russia  and  in  Siberia,  have  been  evidently  formed  by 
means  of  water,  and  even  masses  of  ice '. 

Volcanic  cavetns   form   a  distinct   class.    •  That  of  Vdomfc 
Surtur  in  Iceland,  which  is  6084  feet  long,  has  three  **^*™' 
of  its  rides,  or  walls,  covered  with  a  greenish  black  var- 
nish, formed  by  a  volcaiuc  vitrification.     Long  pieces  of 
lava  are  suspended  from  the  roof,  which  is  so  chinky  in 
many  places,  as  to  admit  the  rays  of  the  sun  K    The  most 

'  fiacqiict.  Voyages  clani  les  Alpet  JnlkniMBi 

•  PaDas,  Voyages,  L  41,  56, 166.  (en  All.)  Lepedrin,  Omelii^  Ac 

*  Olaften,  Voyage  to  Iceboki,  u  137.  in  Gennan. 
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magnificent  of  all  the  known  caverns,  is  doubtless  that 
called  *<  Fingal'^s  Cave,"^  in  the  isle  of  Staffa,  on  the  western 
coast  of  Scotland.  Thousands  of  majestic  columns  of  ba- 
salt  support  a  lofty  roof,  under  which  the  sea  rolls  its 
waves,  while  the  vastness  of  the  entrance  allows  the  light 
of  day  to  pienetrate  the  various  recesses  of  the  cave  **•  The  • 
origin  of  these  caverns  with  basaltic  columns,  is  as  uncer- 
tain as  that  of  basalt  itself,  which  has  occanoned  so  many 
discussions  among  geologists. 

The  causes  which  have  produced  those  cavities  have  un- 
questionably had  asphere  of  activity  to  which  our  observations 
are  far  from  being  commensurate.  Many  phenomena,  parti- 
cularly earthquakes,  seem  to  indicate  the  e^dstence  of  much 
more  consideraUe  cavities  than  those  which  are  known  to  us. 
But  the  wisest  course  we  can  pursue,  is  to  acknowledge 
our  perfect  unacquaintance  with  their  nature.  We  no 
longer  Hve  in  an  age  when  Athanasius  Kircher  dared  to  de- 
.  scribe  the  subterraneous  world,  as  if  he  had  travelled 
through  it  in  every  direction.  Thewnknown  is  now  banish- 
ed ftoia  the  land  of  science,  and  is  become  the  exclusive 
patrimony  of  romance-makers. 

The  small  fissures  which  pass  through  the  masses  of 
rocks,  and  which  we  call  by  the  general  name  of  veins, 
although  they  present  to  the  imagination  a  less  striking  ap- 
pearance than  that  of  caverns,  yet  to  the  eye  of  reason  and 
of  science,  exhibit  a  still  more  complicated  enigma.  The 
essential  character  of  a  vdn,  is  that  of  cutting  or  passdng 
through  a  mass  of  rock,  in  a  direction  more  or  less  different 
from  that  of  the  strata  or  layers,  of  which  the  rock  or 
mountain  is  formed,  and  being  filled  with  a  mineral  sub- 
stance different  from  that  of  which  the  rock^  itself  is  com- 
posed \  We  sometimes  find  veins  of  twenty  or  thirty  feet 
in  thickness,  while  others  are  less  than  an  inch.  Some  jcon- 
tinue  for  the  space  of  several  leagues,  others  divide  and 

^  Faujas  de  Saint  Fond,  Essai  de  Geologie.  ii.  plancfae. 
*  Werner's  Theory  of  Veips,  in  German,  tzaoilatad  into  French  by  Daa- 
buluoDf  §  2.     Oppel/G^ometrle  Soutemiue.    Ibid*  §  15.  §  19. 
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diq^erse  themselvefi  in  smaller  veins.  There  are  cases .  ui 
whidi  the  veinB,  after  having  passed  throu^  many  strata^ 
suddenly  break  cyff  at  the  coounenoanentof  a  stratum  rfa 
pEUticular  sort,  and  re^ppeat  on  the  oppodite  ade,  exactly 
in  the  same  direction,  and  of  the  same  thickness  that  they 
had  at  first'.  The  general  line  of  veins  is  rectilinear,  butOineiioii 
i^thout  any  preference  as  to  direction.  In  the  middle  class  ^^"^ 
of  mountains,  they  follow  the  direction  c^  the  valleys.  The 
matter  with  whidi  the  vein  is  fiUed,  frequently  eoDtaios 
metallie  ores,  and  is  then  called  Chmgfv^, 'or  that  part  to 
whidI  the  metal  adheres.  Theire  is  scarcely  any  mineral 
tiiat  is  not  found  in  some  vein  or  other,  mcnre  or  less  abun- 
dantly. Some  also  contain  petrifactions,  which  seems  to 
prove,  that  these  fissures  were  originally  empty 9  and  hadFomiatiOD. 
be^i  filled  from  above,  by  means  of  a  fluid  loaded  with 
various  substances,  which  it  depomted  in  them.  This  is 
the.o|nnionof  the  celebrated  Werner,  and  what  is  most 
generally  admitted ;  it  is  however  disputed  by  those,  who 
connder  minerals  as  produced  by  means  of  subterranean 
exhalations*,  or  fix>m  some  fermentation  in  the  masses  of 
rock,  capable  of  transmuting  the  nature  of  its  substance  \ 
or  lastiy,  from  the  general  crystallization  of  the  giobe  ^ 
Some  philosofdiers  have  regarded  metallic  veins  as  branches 
of  a  grand  metallic  trunk,  concealed  in  the  interior  of  the 
^obe,  and  to  which  they  have  attributed  a  sort  of  v^eta-* 
tion,  or  <Mrganical  motion  ®.  The  theory  oC  veins,  however, 
according  to  every  supposition,  is  very  difficult  to  compre- 
hend. We  will  now  return  to  the  consideration  of  moun< 
tains  in  gena!al. 

The  thidmess  of  the  various  strata,  differs  as  much  asxi^i^ji^ 
their  inclination  or  pomtion,  and  asthdr  fissures.     Theof*ta^ 
bank  or  bed  of  trapp  in  Westrogothia,  is  in  many  places  a 
hundred  feet  thick,  and  in  the  Alps  there  are  some  masses 

r  Ferber,  Ofyctognphj  of  Deibyahiie»  19,  20.   Werner,  §  73. 

*  Henckel,  Pyritology,  ch.  13. 

*  TiebiB,  ObservadoiiB  sur  I'lnterior  des  Montagnes,  (en  AIL) 
i>  I)e]ain6tfaeiie,  Thigorie'de  h  Tene,  §  1353. 

«  Lehmaim,  Tzait€  des  Matrices  des  M6uuz,  Berlin,  1753. 


still  tibkker :  bot  it  is  not  agreed  whether  these  mosses  are 
to  be  considered  as  i^gular  strain.  Mmy  of  the  n^dle^ 
okss  of  mountains  contain  beds  of  tninetid  or  7o0k-$i|lty  of 
alum,  and  of  coal,  thirty  or  forty  feet  tfiicliu  But  these  aie 
also  some  strata  of  coal  near  Liege^  which  (ire  not  pipre 
than  an  inch  in  thickness.  White  and  black  inftrbl^s  are. 
found  in  thicker  strata  than  those  which  aM  variegated  ; 
and  in  general  those  substances  wUeh  are  least  mixed  cor. 
compound,  are  found  in  the  greatest  masses  ^^  In  Europe,, 
continued  sttata  or  beck,  of  the  thiekness  ^  three  thousand 
feet,  are  extremely  rare^  Inxt  in  Mexico  or  Feru^  tbe^?  are 
masses  of  porphyry,  whiob  arefiom  9000  to..ljlQ0O  fee( 
thicks  This  mamve  structure,  seems  to  be  the  peculiar 
character  of  regions,  which  feim  what  we  tiall  the.  gn^eelr 
chain  of  the  globe  '• 
Order  of  It  remains  for  us  only  to  consider  the  variolic  atvatit  of 
supra-posi'  the  earth,  in  regard  to  the  order  of  their  supraFpositidBy  but 
although  this  is  intimately  connected  with  the  subject  at 
present  befc^re  us,  the  structure  of  mountfuns^  it  is  ver^ 
difficult,  if  not  imposinble,  to  treat  the  matter  so  as  to  be 
distinctly  understood,  without  anticipating  the  observations 
to  be  made,  when  we  come  to  exmnine  the  origin  and  na^ 
ture  cf  the  substances,  of  which  the  strata  are  composed. 
Primary  '  We  call  those  beds  or  strata  primof^,  which  are  found 
£^  "stnt'  ^^  ^^  greatest  depths  to  which  man  has  beep  able  to  pene- 
trate. These  masses  do  not  in  general  contain  any  traces 
of  animals  or  v^etables ;  and  in  this,  point  of  view  they 
may  be  called  primUivey  ex  prim0rdial.  Thene:^t  prder^ 
or  that  of  sgwndary  strata,  comprehends  sH  those  .masses 
which  form  mountains,  and  which  ar^  placed  in  regular 
strata  or  layers,  containing  the  remains  of  animals  and  ve* 
getables*  and  lying  or  resting  upcm  the  primary  strata. 
The  third  order  consists  of  such  beds  as  contain  fragments 
ot  secondary  strata,  mixed  more  or  less  frequently  with  the 
materials  of  th^  primitive  class.     They  lie  above  the  secon- 

^  Bergmann,  Glog.  Bhys.  §  45. 

«  Humboldt,  Tableaux  des  Regions  Equatorealsf,  ItSb 
^  See  Book  vii. 


dory  strata  ^  and  at«  hnpoA  togedier  in  a  Hterecoiifofied 
maflmer. 

We  will  now  waaUkr  more  fxurtieiiladj  the  composiftion 
6f  tfie  primitrre  strata. 

The  tdtt^^Mttt,  tbe  aiiOBl  elevated,  and  nost  eKtenave  Monntttnt 
mcmiiCams  of  otir  gkdbd,  eontaifi  iaaSse»  of  granite^  nrhich  ^^^  ^^ 
ctamot  cSbriMtl J  be  called  strata,  and  trbiiBh  veiy  frequent- 
ly tsM&tMe  'm  vaiBt  ^rapokus.  Next  td  dii»se  enomiotis  crjr^ 
atals^  We  s^  teiy  ktTg^  «id  almti6t  Vertical  bailka  or  ridges 
of  granite  as  it  W^te  in  teyeUd  tft  leaves,  and  of  puiie  schist, 
that  is.  Without  my  niattttt^  of  v^gettf  ble  or  aniinai  temains^ 
tt  is  the  extremities  oP  thote  brsken  masses  of  laminated 
granite,  nAtfeh  £Arm  th^  masi^  aeute  and  angular  p^ad^s. 
The  sdiist  is  frequently  intersected  by  numerous  metallie 
Teins.  Large  beAu  of  pure  calcareous  mattor  are  found  in 
geilerd  to  run  mote  bcffiaoatal,  and  they  give  rise  to  those 
long  ridges  of  mountains,  whidi  are  quite  free  from  metals.  * 
Masses  of  porphyry,  syenite,  and  other  homogeneous  rocks, 
are  generally  placed  Upoti  one  or  other  of  the  preceding 
toata.  In  America,  eoonnous  beds  of  porphjnry  repose 
upon  granite,  and  form  the  summits  of  tbe  C(mlilleia&    > 

The  order  winch  all  the  primitive  tucks  observe  among  fitdprocai 
themselves,  is  not  yet  determined  by  observatioii.    Granite  ^^^^ 
H  ahnost  univenudly  considered  as  forming  a  sort  of  vault  itnu. 
surrounding  the  globe,  and  supporting  all  those  masses, 
wluch  seem  to  have  been  heaped  upon  it  by  the  double  ac^ 
tion  of  a  general  crystallisation,  and  a  violent  jumbling. 
We  havte  never  yet  found  granite  lying  upcm  porphj^ry, 
upon  schist,  or  upon  -any  other  tock  whatever ;  but  the 
relative  order  of  all  the  other  rocks  seems  to  vary  much. 
The  only  principle  that  appears  to  be  determined  is,  that 
the  primitive  or  primordial  rocks  are  never  placed  in  great 
masses  upon  the  others,  while  the  others  are  constantly  found 
accumulated  upon  them. 


•  Werner,  Classificttion  det  fioches,  Dieade,  1^87.  (en  AH.)  Vdght, 
Minenlogle  Pratiqae,  ItSS,  (en  AH)  See  also  the  works  of  Saussuie,  Dolo- 
mieu,  Humboldt,  Deluc,  Ac.  &c 
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At  the  tune  of  these  moimUuiu  of  the  first  order,  and 
sometimes  also^at  a  considerable  elevation  on  their  sides,  we 
Tnadikm  commonly  find  ealcaifeous  rocks  cftro/iMiwn^  that  is»  rocks. 


««**  whkh  in  p«t«emputdy  calcareous  «d  partly  nuxedwiA 
ammal  remains.  These  rocks  marie  the  transitioii  of  masses 
whidi  do  not  csxhibit  any  r^ular  continued  strata,  into 
those  rocks  which  geologists  call  stratified,  the  structure  of 
which  ^(Misists  i^a  8^ries  <^  stmtaor  layers.  Thereare  also 
some  otha:  rocks  which  indici^te  this  transition ;  these  are 
the  reo(mipounded  fragments  c^  th^  pur^  or  primitive  rocks 
united  anew  by  a  species  <^  eament,  several  varieties  c^ 
which  have ,  been  facetiously,  called .  pudding-stone,  and 
tMMfgiaUMal  or  almond  rocks^  from  the  appearances  which 
they  preset 
Moimtaiiis  The  secondary  rocks,  formed  commonly  in  regular,  stra- 
conddus,  ^  give  a  peculiar  and  characteristic  appearance  to  the 
or  Older,  mountains  which  are  eiwiposed  df  them.  Thdr  outlines 
^e  less  broken  than  those  of  the  primary  mountains, 
their  -  summits  less  lofty  ;  but  vegetation  displays  its 
richness  upon  thdr. gently  inclined  sides  of  dialk  and 
clay,'  covered  very  fjrequoitly  with  a  layer  of  marl,  and 
filled  with  the  remains  of  animals  and  vqietables,  differ- 
ent from  .those  now  existing  in  a  living  state.  The  ar- 
^llaceoiis  sdiist  bears  the;i9arks  of  an  entire  vegetation  ao- 
terior  to  the  present  constitution  of  the  globe.  In  the  marly- 
bituminous  schist,  we  meet  with  petrified  fi^h  and  many 
impressions  of  aquatic  animals;  and  the  calcareous  rocks 
contain  the  bones  of  quadrupeds.  These  three  strata,  and 
odiers  which  are  analagous  to  them,, frequently  succeed  each 
other  in  such  a  manner,  that  the  remains  of  the  vegetables 
are  placed  below,  and  those  of  the  quadrupeds  nearer  the 
surface. 

There  are  some  rocks  which  follow  no  regular  sucoes- 
aion,  such  as  the  siliceous  sand-stone,  {tes  gris\)  which 
contains  few  organic  remains,  but  which,  from  the  diversifi- 

^  «  Gres*'  ia  translated  silex  or  Jlint,  and  also  free*ttonc  or  taneUstojie ;  the 
latter  is  the  most  correct.».«T. 
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ed  ammgement  of  its  strata,  seem  sometimes  to  appnixi. 
mate  fo  the  piiolkitive  locks,  and  sometimes  to  those  of  the 
most  recent  formation.  Gypsum,  "(sulpbate  of  lime^)  or 
plaster  of  Paris,  is  also  a  substaaoe,  which  is  met  ^th  some- 
times in  one  order  of  succesdon,  and  sometimes  in  another 

• 

Vast  masses  of  it  are  foandamong  the  primitive  roeks^ 
What  chiefly  characterizes  stratified  moinilains,  is  rode  or 
mineral  salt,  saline  springs,  the  mineral  waters^  layers  •f 
coppery  schist,  alumine,  calamine,  bituminous  .earths,  with 
petroleum,  or  rock  oil,  and  naphtha ;  sai  lastly,  also  coal 
and  tar ;  all  these  substances  are  accumulated  in  layers  or 
beds,  the  succession  of  whidi  constantly  varies,  but  which 
all  belong  exclusively  to  stratified  mountains.  Chi  the  other 
hand,  these  mountains  contain  no  metallic  veins* 

In  the  same  manner  as  the  rq^arly  stratified  masses  are 
supported  by  crystallized  primitive  rocks  and  are  placed  upcm 
them,  we  also  see  at  tlie  basesof  those  whichare  composed  of 
strata,  mountains  covered  with  earth  of  a  third  oxder,  which 
in  fact  is  also  arranged  in  layers,  but  without  that  unifoim 
compoation,  or  that  regular  cohesion,  which  make  each 
layer  of  the  stratified  rocks  a  uriiole  of  itselE     These  strata 
or  beds,  whidi  we  call  ter^jaty,  are  alsofidund  in  the  midst  Tertiny 
of  a  confused  mass  of  small  portions  of  substances,  which  ^'^'^ 
seem'  to  have  been  accumulated  by  some  fluid,  that  has 
transported,  or  at  least  rolled  and  mixed  them  tqgetber. 
These  form  the  bottoms  of  vallqray  and  are  almost  always 
placed  upon  the  stratified  rocks.     Tt^^  which  is  formed  by 
the  recomposition  of  the  partitdes  of  a  primitive  rock,  con- 
glomeraM,  or  brecciasj  of  the  third  order,  whidi  are  hete« 
rogeneous  compounds  of  the  fragments  of  rocks  united  by 
a  cement  of  tufe,  clay,  sand,  or  gravel,  are  all  the  prindpal 
strata  of  this  kind. 

The  remains  of  large  quadrupeds  and  other  andbgous 
animals  now  unknown  in  a  living  state,  are  found  in  these 
beds ;  iltiere  also  are  seen  those  vast  quantities  of  peat  or 
turf,  (fourbe,)  which  are  the  remains  of  a  recent  vegetation 

^  Dolomicu,  Joiinitd*de  Fhysiijua,  lf94»p.  183; 
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mixed  miih  bitumiiioas  earth.     Bat  meithar  miner^  nor 
laetals,  eidier  in  fltmta  or  veins,  are  met  n^,  isxcept  vik  small 
detaclied  and  s^Mirate  particles. 
AUuvial        I^  A®^  alludal  or  transported  aoib,  0s  tlrey  ave  ton^ 
^^         vaguely  nalied,  it  is  natural  liiat  tlie  Jajers  «f  j^ter  ip^ttter 
dioukt  oocupy  the  surfaee,  while  ^h^  }iQ$vi(sr  substancee 
should  aocqmukte  in  the  intenor.    But  ti^  fc^rmer  are  laif 
ten  seen  at  rery  considerable  d^qpths,  ^  t}i|it  there  are  in 
aUmicms,  as  in  strotifieadoiu^  many  prdei^i  of  suooesoon. 
3*hns,  from  the  swmiQits  of  Mount  Blaoc  to  th^  nuirahes  of 
Hcjlimd,  and.^  heaAsof  Lonehoni^^  the  ^ijt^or  atmc- 
ti»e  <fF  the  earth  Aconstantiy  preaeiree  tl^siMyil^ 
eBigmatical  eharaoter,  which  not  only  perpleaQg;^  9ur  reftfojo, 
but  seems  to  baffle  our  imaginatinn. 

Bei^d^  these  distmot  bedr,  or  s^bnrta,  ito  ^IM^th  peesents 
to  i»8  A  gvest  number  of  cpnftiaed  inaaaes. 
^•bblei.         All  tbe  banks  of  livers  and  lakes,  and  the  ^horeis  4>f '  the 
scfa,  aire  covered  with  pebhks,  xouaded  l^  thP  ^av^  which 
have  rolled  tfiei^  against  each  otiier,  and  wbicti  :fre<|ueiitly 
seenf  tb  lia/ve  brought  then  fjxoii  a  diatenoe.    Th^e  fm 
also  »imlar  masses  of  pebblesfound  at  vezy  ffmt  ^et^v^t^nSy 
to  whidi  the  j^eHMt  sea  i^pears  n^er  io  jbay^  Imn  Ahh  t^ 
reach.    We  findBtbeu  in  the  Aips  at  yukmsi^  mos^  thajo, 
^'thousand  feet  above  the  le^ «Kf  .the  Bia;  and  ;0n  tihe 
mountwn  of  ^'  Bon-JHomme^^  wbioh  is  mors  than  a  tbpu* 
saiid  feiet  ^lu^er^.    "There  aire  some  places  .IHtd^  elevate^ 
above^the  level  of  the  sea,  wbioh,  Uce  Jthe  finnoua  plain  of 
Crau in^Provenoe,  fire  entirely  p^vsd  with  ^pebbles;  wbile 
in  Nor¥ray ,  near  Quedlia,  somemountiuBs.of -a  CQBsi4eril^bJi^ 
magnitude  seem  to  be  co^^pletely  formed  of  4hei»,  and  in 
such  a  manner,  that  <the  larg^t  peU)}es  occupy  the  ^ummit^ 
and  their  thickness  and  size  diminish  as  you  aipptoaoh  the 
base  K    W'e  may  ^include  jin.  die  nuniber  jof  -Ibese  couAised 
imd  irregukir  heaps,  most  <£  ithe  depoatione  of  matter 
brought 'by  the  riv^s  or  sea>  and  left  on  the  banks,  and 
perhaps  €ven  those  immense  beds  of  sand  which  cover  the 

^  SauMure,  -Vcyage,  §  SDOl  ^  Beigmaiuiy  Geo||^..Fbys*  L  20T. 
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cefitie  of  Ana  aaid  ASnea, :  And^  in  gi^€9»l^  ik  nmy  be 
smd,  t^t  the  tfairdcvder  of  beds  or  layers,  very  .nearly  «{h 
proximate  to  these  confiised  aocumulaticHis.  It  is  tbis  <^i 
eomstanoe  whiph  renders  so  uncertain  the  dlstiQeljk>n  which 
it  is  nev^rtibdess  necesaory  to  establish,  between  alluvial 
masses  created  before  the  oonuaencement  of  history,  and 
those  which  we  still  see  fanning  under  our  own  eyes. 

There  are,  notwithstanding,  some  substances,  the  distua^t 
diaracter  of  which  leaves  much  less  toom  for  hypothesis. 
Such  are  lavas,  the  well  known  productions  of  volcaposy  Volcanic 
which  a»e  found  qiread  abcwe  all  other  strata  around  the  ^^^^ 
evat»8,whidi  have  ^eeted  them,  like  so  many  streuns 
around  eneoommbn  source.    The  hlacki-leoking  t<HTi^ts  of 
these  substances,  which  have  been  liquefied  by  the  volcanos 
now  existing,  exhibit  sometimes  shapiBless  masae£^  ^tbisr 
oompaxt  or  porous ;  sometimes  they  osoune  the  appeaxiiXk^ 
of  crystallizaliaii,!  or  a  sqMuratioii  into  landme,  or  into 
rimxidish  blocks :  they  aceroften only  oneimass.c^ scoria, car       ^ 
adM%  united  .by  a  sort  of  eement,  and  form  what  may  be 
called  Volcanie  tu&  ^.    The  strati^  or  layers,  which  we  ob*- 
^orve.in  lavOf  and  whidi  are  conmionly  sepanratecl  by  thin 
intecveiling  l^ers  ol  vqjetable  mould,  indicate  the  number 
of  volfianic  eruptions  which  have  successively  produced 
these.  diS^ient  strata.    None  of  these  appeanmoes  acecomi- 
mon  to;tho6e  celebrated  substmees  known  undw  the  name 
of  boiailiy  and  which  many  naturalists  call  piunitivie  lava,  fiotait. 
This  substance,  always  formed  or  divided  into  pidsmis,  is 
seat  in.  the  form  of  columns,  sometimes  elevated  p^rpendk 
cularly,  ms  in  (he  cave  of  f  ingal  and  the  GiantfiT  Causeway ; 
sometimes  indyuaed  towards  the  hoiizon  at  different  angles, 
as  in  the  Vivarajis ;  sometimes  lying  horizontally,  langed 
like  bgs  of  wood,  and  inclosed  in  fissures,  as  in  the  Feroe 
islands  >*,  or  flree  imd  uncomiected  like  the  basaltic  circle  in 
the  island  of  MuU  ^.    But  basalt  is  never  placed  in  large 
masses  upon  strata  of  the  third  order. 

"  Faiyta  Saint-Fond,  fiwais  de  Geo.  ii.  413,  et  teq, 
B  Memoirt  of  the  Society  of  Natural  History  of  Copenhagen.     See  the  de- 
•ciiptbn  of  the  Feroe  Iilands.   Vol  iv. 
•  Favjas,  Gfol.  U. 
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Tllie  fragmeQU  of  gruiite  and  other  pure  rocks,  thrown 
here  and  there  upon  stratffied  rocks^  and  ewm  npwaiil* 
luvial  lands,  exhibit  a  phenomeDoii  as  indiaputaUe  as  it  b 
aBtmuflhing.    All  the  diaina  of  Mount  Jura,  ail  the  nottn- 
Biocka  of  tains  which  skirt  the  Alps,  the  hills,  and  even  the  plains 
^^^"^    of  Germany  and  Italy,  have  blocks  of  granite  scattered  over 
them,  frequently  of  large  dunensions,  and  always  of  as 
pure  a  composition,  and  as  beautifully  crystalliaed  as  the 
gctttute  of  the  highest  Alps  p.    The  same  phenomenon  is  al- 
so repeated  in  the  plains  of  Bussia,  Poland,  Prussia,  Den- 
mark and  Sweden.   From  Hoistein  to  eastern -Prussia,  upcm 
the  alluvial  lands,  of  sand  and  day,  an  immense  number  of 
blocks  of  granite  are  found    Near  the  island  of  Usedom^ 
many  detached  masses  of  granite  rise  up  firom  the  bottom  of 
the  Baltic^.    We  see  the  same  thing  in  Scania  and  in  Jut* 
land,  which  are  so  fidl  of  these  fin^^ents^  that  they  use 
them  ibr  inckisures,  for  houses  and  churches.    These  blocks 
'       are  rounded  by  the  action  of  the  heavy  rains.  In  Lymfiord, 
a  gulf  of  Jutland^  and  at  some  points  on  the  western 
coast  of  that  peninsula,  diarp  peaks  of  granite  shoot  up 
from  the  bottom  of  the  sea.    But  what  is  most  remarkably 
is  to  see  enormous  masses  of-  granite  |daced  upon  the  sum- 
mits of  the  calcareous  mountains  of  R^wick,  of  Boedabefrg 
and  of  Osmund,  which  are  near  six  thousand  ftet  above  the 
level  of  the  sea,  and  which  consequently  are  amoi^  the 
highest  mountains  in  the  north  of  Eurcype'. 

If  this  phenomenon  has  not  been  noticed  in  all  the  rej^ons 
of  the  globe,  we  must  perhaps  attribute  it  to  the  few  obaer. 
vations  which  travellers  have  made  upon  this  subject. 
ConduBkm.  ^^^  Structure  of  the  globe,  of  which  we  have  ho&k  en- 
deavouring  to  trace  the  grand  features^  jpiii^sents  in  all  its 
pacts  the  appearance  of  a  vast  roin ;  the  confusion  and 
overthrow  of  most  of  its  strata,  the  irregular  ouocessimi  of 
those  which  seem  to  remain  in  their  original  situations,,  the 


p  DelAm^therie,  Theorie  de  la  Terre,  §  1168,  sqq,    Ferber,  polomieu,  &c 
1  Wrede,  dans  Zach.  Correspond,  v.  456. 
'  Bergmaon,  Geog.  Phy.  i.  26$. 
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wonderful  variety  which  the  direction  lof  the  veins  and  the 
forms  of  the  caverns  display,  the  immense  heqps  of  con- 
fused and  broken  substances,  the  transportation  of  enor*- 
mous  blocks  to  a  great  distance  from  the  mountains  of 
which  they  appear  to  have  formed  a  part,  every  thing,  in 
short,  makes  us  feel,  that  the  history  of  our  globe  reaches 
back  to  periods  far  anterior  to  the  existence  rf  the  human 
laoe,  and  that  the  researches  whidi  are  necessary  to  bring 
us  ae^nrfntcd  ieven  with  the  present  state  of  its  surface,  ^ 
(and  scarcely  bqrond  the  surfiice  can  we  penetrate,)  would 
require  a  length  of  time,  and  an  amount  of  esipense  hardly 
to  be  calculated,  before  our  observations  could  be  so  matur- 
ed and  verified  as  to  form  the  founidatitins  of  a  to6xfi/tie 
sdcltfific  whole. 


rot.  I* 
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BOOK  IX. 

CmUnuuibm  ^  the  Tkmay  isf  ^ingraf^    Of  MtfOfk 

it  iM^loftgli  t<l  <^titt!ift»y  to  «3t&ttili6  til  ^kIm  ffitinfiffir  the 
gases,  the  acids,  and  the  dementarj  earths,  fcftve  ftcted  in 
the  formatbn  of  the  non-organic  substances  which  form  the 
solid  crust  or  surface  of  our  globe,  and  of  wlneh  w«  are 
How  going  to  consider  the  external  and  internal  forms. 
Mineralogy  describes,  defines,  and  classifies  these  substmir- 
ces ;  geology  treats  of  their  origin ;  but  phyacal  geogra- 
phy, the  object  of  which  is  to  investigate  the  etrocture, 
composition,  and  physical  relations  of  the  globe,  cannot  be 
accused  of  going  beyond  its  limits,  in  tracing  out  a  general 
riew  of  the  various  substances  of  which  the  solid  parts  of 
the  earth  are  formed. 
Befimtton  These  substances  are  either  simple^  that  is,  formed  d£ 
of  simple  |.jj^  ggjjjg  chemical  elements,  and  bavins:  for  their  nucleus 
substances,  the  same  integrant  molecule ;  or  OLggregaUy  that  is,  com- 
posed of  two  or  more  simple  substances.  The  first  of 
these  substances  are  minerals,  the  objects  of  the  sciences  of 
mineralogy  and  crystallography ;  the  second  are  the  rodcs 
and  earths,  which  belong  to  the  province  of  geognosy. 
Clasnfica-  ^^  distinguish  four  classes  in  tlie  mineral  kingdom: 
tionofmi-  the  first  Comprehends  saline  or  ocidi/irou^  substances, 
which  are  composed  of  an  acid  united  to  an  earth  or  an  al« 
kali,  and  sometimes  to  both.  The  second  contains  the 
earthy  substance,  into  the  composition  of  which  earths  albne 
enter,  or  sometimes  an  earth  united  to  an  alkali ;  in  the 
third  class  are  placed  all  inflammable  substances  which  are 
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not  metallic ;  substances  hitherto  imp^ectly  analyzed,  but 
which  noiay  be  distinguished  by  the  property  which  they 
possess,  of  burning,  or  of  evaporating,  vAken  decomposed. 
The  fourth  class  embraces  the  metallic  substances  known 
by  th«r  briUiaQCy,  by  their  great  s|>edfic  gravity,  and,  in 
part,  by  their  ductility  and  roaUeofcSity  ^ 

We  shall  now  consider  the  mineral  kingdom,  in  so  far  as 
k  regards  phyacai  geography,  diat  is,  by  examining  the 
genera  most  abundant  in  nature;  and  the  species  most  re- 
markable for  their  physical  qualities.  While  we  take  the 
Terminc^ogy  of  M.  Haiiy  for  the  basis,  we  shall  <  compare 
it  with  that  of  other  mineralogists. 

Tfie  carbonate  of  Hme,  tbiat  is,*  Kme  combined  with  car-  Carbonate 
bonlo  aeid,  is  also  called  aerated  lime,  or  calcareous  spar.  ^^' 
It  is  the  9iost  abundant  of  any  known  mineral  substance 
eoi  the  earth.  It  belongs  to  every  geoio^cal  epoch,  and  to 
every  soil.  Among  the  ancient  and  primordial  masses^  it  not 
Gofy  iQvraB  one  ci  the  omistituent  prinei^es  of  rocks,  but 
it  abo  is  seen  in  its  pure  state  iii  immense  beds  or  banks, 
the  pecvdiar  eharaoter  of  wUch  is  a  laminated  or  scaly  tex- 
ture, whi<di  indicates  a  eonfosed  cryfltailization.  It  abounds 
Still  more  in  Ae  secondary  or  stratified  mountains  and 
masses  of  earth,  of  which  it  forms  more  dian  the  half.  It 
is  found  also  in  the  third  order,  combined  with  clay,  and 
thus  constitutes  the  vanous  mEurls.  It  forms  also  vast  b^ds  Talc; 
in  the  state  of  chalk,  frequently  accompanied  by  large  mass^ 
es  of  edcareouft  shells  compressed  together,  and  broken; 
a»d  vi4iich  bad  once  been  inhalnted  by  marine  animalsl 
We  are  tberefere  led  to  eonnder  chalk  as  a  very  ancient 
chenucal  decomposition  of  the  altci^  and  obliterated  re- 
mains c^  shell-fish  ^  It  in  well  known  that  the  madrepores 
and  oilier  pofyjH  of  ihe  equatorial  seas,  form  chalk  conti- 
miaUy  in  great  quaatities.    The  port  of  Bantam  was  shut 


IU7,  TiwtS  de  Minftnlogie.  Biongmart,  Ttait^  Elem.  de  Min^ralogie* 

^  SteSeii*8  Memoir  upon  the  Natural  History  of  the  Interior  of  the  Globe, 
p.  to*    (In  German.) 
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up  in  less  than  a  century  by  rocks  of  coril  formifid  by  po- 
lypi ^  Limestone  is^  disooveted  mixed  with  flints  and  co- 
loured marbles  (brichej  in  alluvial  soils,  and  also  in  vol- 
canie  soils,  where  it  has  been  detected  by  the  explosions 
that  have  taken  place.  There  are,  however,  countries 
where  chalk  is  not  found;  where,  at  least,  it  has  hitherto 
been  but  very  rarely  seen ;  as,  fpr  instance,  in  the  neigh* 
bourhood  of  the  Cape  of  Good  Hope  \  and  in  the  gramte 
and  volcanic  peninsula  of  Kamtchatka  ^ 

The  carbonate  of  lime  ccmfusedly  crystallized,  fbrtnd  the 
building  materials  in  France.    When  it  possesses  a  finer 

Ufarble.  grain,  it  forms  a  sort  of.  marble  c^  no  great  value.  Ao* 
cording  as  it  becomes  bajrder,  and,  if  we  m|iy  so  express '  it, 
more  refined,  it  takes  a  much  finer  polishr  ^^d  is  bettei^  £(>• 
ted  for  the  chisel  of  the  sculptor.  It  is  then  properly  eaU- 
>  ed  marble.  White  statuary  marble  from  Carrara  in  Italy^ 
is  esteemed  the  purest  of  any^  The  coloured  marbles  are 
formed  of  calcareous  matter,  mixed  more  or  less  with  ex- 
traneous substances.  Pliny  is  right  when  he  says,  ^^  Every 
country  possesses  its  peculiar  species  of  marble.^  Marbles, 
however,  more  regularly  crystallized,  of  a  larger  ^rain^ 
and  more  mixed  with  particles  of  pyrites,  become  more 
rare  as  you  leave  the  middle  of  the  temperate  zone,  and 
approach  the  pole.^ 

Calcareous  Crystals  of  carbonated  lime,  under  the  name  of  calcare- 
ous spar,  are  found  in  almost  every  subterraneous  cavity, 
and  in  all  veins.  They  serve  to  ornament  every  cabinet  oi 
mineralogy.  Filterii^  through  the  vaulted  roofs  of  sub- 
terranean grottos,^  this^  substance  forms  those  concretions 

Stalactites,  known  by  the  name  o£  calcaSt'eous  stalactites ;  the  various 
positions  and  forms  of  which  present  all  kinds  of  agreeable 
and  fantastic  appearances  to  the  imagination  of  the  spe^^ 
tor.     The  eagle-stone  (gSodeJ  is  a  concretion,  the  interioir 


«  Blumenbach,  Histoire  Naturdle,  p.  450.    Comp.  Fonterr  Penm,  Ae^ 
^  Thunberg's  TrayeU,  i.  216.    (In  Gennaa.)    SpannaQ*ji  Tiavelsy  142^» 
61&    (Id  German.) 
*  Geojgi,  DeKripdon  Fbynque  de  la  Rnssie,  1. 
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of  whidi  is  hollow,  sometimes  filled  up  with  crystals,  some* 
times  bristled  with  multitudes  of  needles.    The  more  abun- 
dant  and  uniform  calcareous  concretion  produces  those 
masses  known    under   the   name  of  calcareous  alabaster,  Calcanouf 
which  differs  from  marble  in  being  less  pure,  more  varie-'^****^^' 
gated  in  its  colours,  and  somewhat  more  transparent. 

The  incrustations  which  are  formed  by  water,  loaded  Inenistap 
with  carbonate  of  lime,  have  led  to  the  supposition  that*"*** 
there  are  some  petrifying  springs.  These  incrustations 
preserve  exactly  the  figure  of  the  vegetables  that  have  beeijt 
covered  with  them^  the  substance  of  which  has  been  de- 
stroyed. It  is  in  the  same  manner  that  the  tufa^  are  form- 
ed,  or  calcareous  isediments  in  canals,  and  the  beds  of  nver^ 
and  lakes,  the  waters  of  which  are  charged  with  this  sub- 
stance. 

Other  species  of  lime  are  of  less  importance.     Some  va-  FhcMpha. 
rieties  of  phosphated  and  of  fluated  lime  exhibit  coloured  |||^^*"' 
crystals, which  verymuch  resemble  the  more  precious  stones, 
such  as  chrysolites,  emeralds,  rubies,  and  others.     Fluated 
Ume  is  often  found  in  the  matter  of  metallic  veins,  mixed 
with  the  ore. 

Sulphated  lime,  or  lime  combined  with  sulphuriq  acid^  is  Sulph^trd 
commonly  called  gypsum,  or  plaster-stone,  when  mixed  ^°*' 
with  carbonated  lime.     When  crystallized,  it  is  cabled  sele- 
nite.     This  stone  is  divi^ble  into  brilliant  and  transparent 
laminae,  and  was  used  by  the  ancients  instead  of  glass  for 
windows.     It  very  much  resembles  the  foliat^  mica,  or 
talc  of  Muscovy,  yet  is  totally  different  in  regard  to  the 
nature  of  its  component  parts.     The  cpmpact  sulphated 
lime,  fine  and.  close-grained, 'and  of  a  beautiful  white  co- 
lour, is  the  substance  which,  under  the  name  of  gypseous  Qypieoui 
alabaster,  or  alabastrite,  (pseudo  alabaster,)  has  so  often  >lAbaster, 
afforded  the  poets  a  term  of  comparison  to  express  the 
whiteness  of  th^  neck  or  arms :    <<  A  skin  as  alabaster 
pure.^    Sulphated  lime  is  pft^n  found  under  the  form  of 
hills  or  little  mountmns,  and  sometimes  in  beds  or  strata, 
in  countries  of  the  second  and  third  formation.    It  is  doubt;-. 
A4  wjiether  there  be  any  of  the  first  formatioq^  or  wl^ethei: 
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the  heaps  which  are  known  to  be  among  the  p^mUive 
mountains,  have  not  been  produced  b/  causes  of  a  later 
origin '.     The  school  of  Werner  supports  the  first  opinion. 
The  north  of  Europe  and  of  Asia  furmshes  very  little  sul<» 
phate  of  lime  «. 
Barytes.         Barjtes  and  strontites  are  but  of  little  importance  in  4 
Strontites.  pjjygico.geogr^phical  point  of  view,  although  the  sulpbated 
variety  of  the  latter  aJSbrds  those  magnificent  crystals  which 
are  found  in  the  cavities  of  the  mines  of  sulphur  in  the  val* 
leys  of  Noto  and  of  Mazzara  in  Sicily.     To  what  extent 
Hagnena.  magnesia  is  concerned  in  the  formaticm  of  certain  rock%  .is 
not  yet  sufficiently  determined  \  The  sulphate  of  mi^es^^, 
known  under  the  names  of  sel  amer  and  Epsom  salt?  is 
found  in  many  mineral  waters,  particularly  all  those  in 
the  neighbourhood  of  Montpelier.     It  is  also  found  in  n 
state  of  efflorescence  upon  the  surface  ofschiatyirom  which 
it  can  be  easily  collected  '\ 
Nitrate  of      Nitrate  of  potass  is  composed  of  vegetable  alkali  or  pot- 
V**^       ass,  nitric  acid,  and  the  watpr  necessary  for  its  crystalliaa- 
tion,     It  is  generally  known  under  tli^  name  of  saltpetre!, 
or  nitre.     It  is  constantly  formed  in  those  places  which, 
like  our  stables  and  cellars,  contmn  animal  and  vegetable 
matters  in  a  state  of  putrefaction,  or  which  receive  the  ef- 
fluvia of  those  substances.     It  is  deposited  upon  the  sur- 
face of  old  walls.    As  this  artide  is  much  used  in  the  va$n 
nufacture  of  gunpowder  and  aquafortis,  or  nitric  acid,  they 
make  artificial  nitre  beds  by  means  of  a  mixture  of  veget* 
able  and  animal  substances. 
Muriate  of      Muriate  of  soda,  or  common  salt,  is  composed  qf  soda, 
^^^^^      muriatic  acid,  and  water,  tt  is  spread  throughout  nature  in 
wit.  an  abundance  corresponding  to  its  extensive  utility.    When 

found  in  a  crystallized  states  it  is  called  fos^,  or  rock-salt, 
There  are  immense  masses  of  it  i^  Poland,  in  Hungary  \ 

'  SstustiTe,  Voyage  dans  les  Alpes,  §  1208, 1226, 1239,  1931. 
a  Geoxgi,  Description  Physique  de  la  Russie,  v.  126. 
b  Farias  Saint  Fond,  Geokigie»  ii.  298,  [tqq.    Delemetfaerie,  Theotie,  ▼, 
p.  12. 
*  Chaptal,  cite  par  Hauy,  Mineralogie,  iL  336. 
^  Fichtel,  History  of  liock-Salt.    (In  German.) 
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ia  Ausl^ria,  in  Bavaria,  in  Hanover,  in  England,  in  Spain, 
and  genenrilf  in  all  secondary  countries.  Great  quantities 
cf  this  salt  are  held  in  solution  by  die  lyaler  of  the  ocean, 
fcoai  which  it  is  pioGUfied  by  varioud  pocesses.  Sea  water 
is  sometimee  evaporated  in  shallow  ditches  or  pits  by  the 
adioa  of  the  sun ;  sometimes  in  large  vessels,  by  the  aid  of 
fire,  and  the  salt  procured  from  it  has  different  degrees  of 
diarpness  and  strength.  Some  lakes,  rivers,  and  springs, 
contain  salt,  particularly  in  the  neighbourhood  of  the  Ca»- 
piiui  sea,  .where  even  the  soil  is  impregnated  with  it  Salt 
lakes  are  generally  found  near  hills  of  marl,  clay,  limestone^ 
and  gypsum  K 

The  borate,  or  rather  sub-borate  of  soda,  or  borax,  is  of  Borax, 
great  utility,  especially  in  the  melting  and  soldering  qf  n\c- 
tals.     This  substance,  the  origin  of  which  i$  disputed,  is 
found  as  a  native  production  in  some  lakes  apd  caverns  in 
Thibet,  Nepaul,  Persia,  Tartary,  and  in  Saxony,  but  we  also 
obtain  it  by  a  method  similar  to  that  employed  for  procur- 
ing nitre!"*.     Carbonate  of  soda,  commonly  called  natron,  is  Carbonate 
found  in  certain  lakes  in  Egypt;  in  that  of  Kis-Maria  in<>^><^ 
Hungary,  and  in  those  situated  in  the  plains  north  of  the 
Caspian,     It  sometimes  covers  the  plains  with  a  slight  ef- 
floresednce''.     The  muriate  of  ammonia,  commdnly  colled  Muriate  of 
aal  ammoniac,  comes  from  Egypt  and  Piersia.     It  is  also 
Ibund  in  $mall  quantities  round  the  volcanos  of  Sicily  and 
Italy.     It  is  also  made  in  several  countries  in  Europe. 
Mixed  with  pounded  ice,  it  produces  an  artificial  cold, 
which,  according  to  Macquer,  reaches  to  18  degrees  below 
jsero  in  Beaumur^s  thermometer  ^.     All  these  salts  seem 
more  particnlarly  to  abound  in  plains,  which  are  surrounds 
ed  by  mountains ;  and  which  must  have  been  the  basins  of 
takes  that  are  now  become  dry,  or  partly  run  out.     The 


1  Pallas,  Voya^.  passim.    Georgi,  De^cript  de  la  Russie,  v.  SI.. ^9. 

»  Fcniecroy*  BMmens  d*Hiatoire  natuielle  et  dc  Chimie«  tome  ii.  p.  68.  Bus- 
chiogy  Introduction  i  la  Glographie,  p.  120. 

»  Voy9gpi  de  Townwn,  de  Pallas,  etc. 

«  That  is  — 8^  .or  40^  below  the  freezing  point,  in  tlie  common  or  Taliren* 
)i#it*s  thermometer. 
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great  desert  of  Sahara  appears  to  be  a  similar  basin,  cover- 
ed with  saline  efflorescence,  while  the  country  watered  by 
the  Niger  is .  totally  free  from  it.  Brazil,  in  America^  is 
destitute  of  salt,  while  Paraguay  abounds  with  it»  This 
^t  is  rare  in  Scandinavia,  and  in  the  north  of  Russia. 

Alum.  Alum,  in  recent  chemical  works,  is  called  alkaUnewsuW 

phurated  alumina.  This  substance  is  found  by  itfielf  only 
in  very  small  quantities ;  but  it  can  be  procured  from  cecr 
t^in  earths  and  stones,  which  are  impregnated  with  it,  o^ 
fropi  schists  apd  pyrites^  which  coptain  only  ,  its  prinqi- 
pies. 

Pure  alumina  P,  or  earth  of  alum,  which  is  ppopuredfioia 
alum,  is  distinguished  among  the  elementary  earths  by  its 
tendency  to  mix  and  unite  itself  with  water.  It  is  fpiind 
blended  with  the  most  dissimilar  substances.  It  enters  intQ 
the  composition  of  common  clay,  and  into  that  of  oriental 
jgems.  We  know  th^t  these  stones  are  very  difficult  to 
melt. 

Cryoiitfr  A  Danish  missionary  has  brought  from  Greenland  a  sub- 
stance, which  has  been  called  cryolite,  and  w]}icli  melts 
like  ice  in  the  flame  of  a  candle ;  it  is  the  fluated  alkaline 
alumina  of  Haiiy.  These  very  opposite  results  from  com- 
binations, in  which  the  same  substance  is  predominant, 
ought  to  teach  us,  that  in  forming  a  true  theory  of.  die 
earth,  we  should  employ  with  the  utmost  circumspection  the 
principles  and  analysis  which  chemistry  affords*. 

Quartz.  Let  us  now  proceed  to  earthy  substances.  The  first 
species  which  offers  itself  to  our  attention  is  that  of  hyaline 
quartz,  or  quartz  properly  so  called.  Thi^  ha9  crystallized 
silex  for  its  base,  and  comprehends  som^  varieties  v^ry  differ- 
ent in  their  aspect  to  the  eye  of  the  ignorant ;  but  the  se- 
vere method  of  modern  ^ineralogy,  established  upon  che« 
mical  analysis,  rejects  all  false  classifications  founded  upon 
external  appearances. 

When  hyaline  quartz  ^  is  fpun^  in  rqund  or  angular 

p  It  18  called  Aluminat  from  its  being  tlie  tiase  of  the  salt  called  aliun,  ^d 
sometimes  argil,  because  it  is  also  the  base  of  the  days.— T.  ^ 

«  Haiiy,  ii.  407,  sqq. 
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grains,  without  cohesion,  haying  a  vitreous  surface,  it  is  es-^^^^ 
teemed  of  no  valuie,  being  nothing  but  sand  or  gravel,  and 
fit  to  be  used  only  in  the  formation  of  roads :  if  these  small 
grains  are  united  by  a  natural  cement,  they  form  silicious 
quartz,  (grh  quaftzeux,)     When  the  same  substance  has 
by  natural  friction  been  fashioned  into  small  round  masses, 
It  is  raised  into  the  rank  of  crystalline  flints,  (caUloux  cris^ 
tattinSi,)    Lastly,  when  hyaline  quartz,  in  consequence  of  a 
more  regular  crystallization,  is  of  uniform  density,  and  per- 
fectly transparent,  it  occupies  a  distinguished  place  in  the 
coiiections  of  amateurs  under  tfaie  name  of  rock  crystal ;  it 
ornaments  ouf  lustres ;  is  used  even  in  some  kinds  of  jewel- 
lery.   In  Mlulagascar,  these  crystals  are  found  in  the  great- 
est purity,  and  in  large  tables  or  flat  layers',  and  this 
seems  to  confirm  the  truth  of  the  reports  mentioned  by 
Herodotus  and  Pliny,  of  the  abundance  of  crystal  in  Upper 
Ethiopia.    When  of  a  violet  or  purple  colour,  the  rock  crys-  Rock  cry»^ 
tal  becomes  amethyst,  and  is  in  this  state  highly  valued  and  ^ 
classed  among  the  gems.     When  blue,  it  is  the  sapphire, 
{saphir  d^eau^)  which    is  not   so  precious:  When  it  as- 
sumes the  colour  of  rose,  it  is  the  ruby  of  Bohemia,  the 
most  valuable  of  all :  when  yellow  it  is  the  occidental  topaz ; 
in  «hort,  the  crystals  of  this  substance  take  the  names  of 
the  diflerent  gems  which  they  resemble  in  colour. 
•    The  species  of  quartz  agate,  of  which  concreted  silex  con- 
stitutes the  base,  and  of  which  many  mineralogists  still  con- 
tinue to  form  a  distinct  genus  under  the  name  of  silex  %  Siiex. 
contains  the  following  among  other  varieties ;  the  chalce- 
dony, which  is  of  a  bluish  or  grey  colour,  and  of  an  imper- 
fect and  cloudy  transparency ;  the  cornaline,  which  is  red, 
and  cX  a  cherry-like  semi-transparency,  and  sometimes  of  a 
beautiful  carnation  hue;    and  lastly^   the  chrysoprase,  a 
stone  of  a  delicate  and  clear  green.    They  give  the  name  of 
onyx  to  agates  formed  of  two  translucid  stripes  of  different 
colours.     Oriental  agate  is  distinguished  by  the  fineness  of  "|g"^ 

'  RoAon,  Recucil  de  M^m.  sur  la  Physique,  155. 

'  Comp.  Haiiy,  ii.  439.     ISergmann,  Sciagraphia,  i.  385.    Ddam^tberie« 
Tbeorie  de  la  TerrCi  u.  136. 
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its  composition,  and  by  the  poculier  a^peariuice  giyen  to 
its  interior  by  its  various  undulated  laminae. 

When  the  quartz  agate  is  less  fine  in  its  Gomposition,  M 
is  used  for  gun-^ints  and  for  miU*4Btonas,  aad  even  for  ecum 
mon  flints.  The  enhydros^  celebrated  by  Pliay^  is  qsAy  an 
eagle  stone,  of  quartz-agate,  omtiuiung  a  mt^il  quantify  of 
water,  which  is  perceptible  through  the  seButransparcwy  of 
the  stone.  There  is  a  variety  of  quarts,  whicb  flo^  upon 
the  water  until  it  has  imbibed  a  cert^wa  quantity. 

Q^  The  noble  or  perfect  opa^  as  it  is  temed,  is  a  wilky 

resinous  quartz,  exhibiting  a  beautiful  play  of  eokmrs^  fifce 
those  in  the  rainbow,  and  varyuig  their  shades  aceoeding  to 
the  position.  It  is  highly  prized  on  aocount  cf  this  bril- 
liant appemrance,  which,  however,  arises  $okly  fxat^  imper^ 
feetions,  that  is,  very  minute  cracks  or  fissures  with  n^ich 
it  is  filled.  When  divided,  it  no  l<H^ger  disI4ay^  ibis  ^bas« 
ing  and  changeable  effulgence  K  The  hydro^anj^,  or  se?- 
mi-opal,  becomes  of  a  beautiful  tranqmreney,  when  plunged 
in  water.  * 

Jasper.  Jasper  is  a  quartz  agate,  blended  with  argil  ot  clay,  and 

a  little  iron,  which  gives  it  a  variety  of  colours*  It  was 
fonnerly  confounded  with  porphyry ;  b«t,  it  is  now  ««m 
tained  that  jasper  is  of  a  secondary  formation,  lind  has  no* 
thing  in  common  with  the  primitive  rocks  of  porphyry.  Iti 
general  all  quartz  agates  belong  to  the  secondary  earths. 

Common  The  beds  of  silex,  properly  so  called,  namely,  gun-flints, 
mill-^stones,  and  common  fllnt^tones,  though  incoii^idesaUo 
in  regard  to  the  whole  globe,  present,  in  respect  of  th^  si« 
tuation,  some  remarkable  peculiarities.  Strata  of  silexver]/^ 
(rflen  alternate  with  those  of  chalk.  Hence  some  naturalists 
have  thought  that  they  were  the  petrified  r^nains  of  cer- 
tain marine  animals  \  In  several  vast  re^ons  of  the  globe, 
as,  for  example,  Siberia,  and  the  plains  in  the  neighb^iur* 
hood  of  the  Caspian  Sea,  gun-flints  pr  ^^  silex  pyromaque"^^ 
b  very  seldom  found. 

*  See  Newton,  Optice  Luds,  1.  it  p.  2.  and  the  MU>^«logie  of  l}»u7,  ii, 
^  456. 

*  BeUm^erie,  Theorie  de  la  Tene,  v.  33. 
'  Cfeoi^i,  Description  dela  Bussie,  iii.  1691* 
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Hyaline  quartz^  without  ever  fonaing  the  entire  sub-Siiuitionof 
stance  of  any  mountain,  abounds  in  cTery.scHL    It  is  one^^^l^ 
oF  the  integral  parts  of  most  varieties  of  the  granite  rocks. 
It  also  enters,  in  the  form  of  crystallized  grains,  into  the 
composition  of  many  rocks  of  porphyry.    It  forms  the  base 
of  a  'great  number  t>f  fossil  micaceous  iSocks.    Its  crystals 
occupy  the  forUutous  cavities  which  fire  found  in  i^ost 
all  the  large  masses  of  rocka    They  ornament  the  walls  or 
sides  of  such  cavities^  sometimes  in  transparent  prisms  of 
nearly  a  foot  in  diameter.    Hyaline  quarts  £3rms  veins, 
frequently  of  a  great  extent,  which  pass  through  the  plrims- 
tive  mountains;  and  these  veins,  becoming  exposed,  and 
prqjecting  by  the  wearing  away  of  the  rocks  in  which  tbej 
were  imbedded,  have  given  rise  to  the  opinion^  that  there 
existed  mountains  entirely  covq)osed  of  quartz*    There  is 
scarcdy  any  secondary  rock,  in  which  we  do  not  find  0Dm»- 
mon  or  unslu^n  quartz,  in  masses^  in  veins,  or  in  crys- 
talsy. 

Arenaceous  quartz,  (gmdftz  arhutcSj)  or  quartz,  in  the  Situation  of 
form  of  sand,  covers  almost  entirely  the  bottom  of  the  sea.  ^^^ 
It  is  spread  over  the  banks  of  rivers,  and  fbrms  vast  plains, 
even  at  a  very  considerable  elevation  above  the  level  of  the 
sea,  as  the  desert  of  Sahara  in  Africa,  of  Kobi  in  Asia,  and 
many  others.  This  quartz  is  jM'odueed,  at  least  in  part, 
from  the  disintegration  of  the  primitive  granite  codes.  The 
currents  of  water  carry  it  along,  and  when  it  is  in  very 
small,  hght,  tind  rounded  grains,  even  the  wind  tnoiaports 
it  from  one  place  to  another.  The  hiUs  thus  are  made  to 
move  like  the  waves,  and  a  deluge  of  sand  frequently  inun^ 
dates  the  naghbouring  country  >. 

Arenaceous  quartz  furniidies,  by  fusion,  one  of  the  most 
useful  substances  we  have,  namdly,  glass,  which^  being  less 
bard  than  the  crystals  of  quuitz,  caki  be  made  eqmdly  trans- 
parenjt,  and  is  equally  serviceable  to  bur  wants,  and  to  our 
pleasures.    There  it  shines  in  waljs  of  crystal  in  the  palaces 

y  ^fongtatat,  u.  S71— 279. 
?  So  where  o*er  wide  Numidiao  wastes  extend, 
Su4deii  the  impetuous  hurricanes  descend,  &c.— See  JdduoiCt  Caio, 
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of  the  great,  reflecting  the  charms  of  a  hundred  assembled 
beauties ;  here,  in  the  hand  of  the  philosopher,  it  discovers 
to  us  the  worlds  that  revolve  above  us  in  the  immensity  of 
space,  and  the  no  less  astonishing  wonders  that  wev  tread 
beneath  our  feet. 

•'  We  shall  now  shortly  notice  the  different  species  of  jpre* 
cious  stones,  which  are  almost  all  composed  of  alumine,  or 
pure  argil,  as  the  analysis  of  Bergmann  and  Elaproth  have 
proved.  According  to  the  method  of  Haiiy,  the  name  of 
CoTwndum  now  comprehends  a  species,  the  red  variety  of 
which  is  the  true  oriental  ruby  * ;  the  blue,  the  oriental  sap^ 
phire ;  and,  the  yellow,  the  oriental  topaz.  These  three 
varieties  are  comprehended  by  the  French  amateurs  under 
the  general  name  of  <*  oriental  gems.^  These  valuable  and 
brilliant  substances  consist  of  ninety-eight  parts  of  alumina, 
and  two  of  iron.  To  the  species  cdUed  by  the  French 
^pinelle,  the  colouring  matter  of  which  is  the  metal  called 
chrome,  belong  the  scarlet  or  light  red  ruby,  the  pale  ros^ 
or  pink  ruby,  the  variety,  called  rubacelle^  of  a  yellowish 
red  colour :  all  these  are  less  hard,  and  have  less  play  or 
brilliancy  than  the  corundums.  The  limpid  and  transpa- 
rent topazes  of  Siberia,  the  pale  yellow  ones  of  Saxony, 
those  of  Brazil,  the  colour  of  which  is  a  reddish  yellow,  are 
all  included  by  Haiiy  in  the  same  class.  The  ruby  of  Bra- 
zil is  only  a  red  topaz,  (sometimes  reddened  by  means  of 
fire,)  the  beryl  or  oriental  aigtte  marine^  called  the  sapphire 
of  Brazil,  is  a  greenish  blue  topaz.  Many  chrysolites  be- 
£mer«ld.  long  to  the  same  species.  The  beautiful  emerald  of  Peru, 
the  pure  green  of  which  is  more  pleasant  to  the  eye  than 
the  dazzling  brilliancy  of  many  other  more  perfect  gems ;' 
and  the  occidental  or  common  beryl,  a  stone  of  but  little 
value,  have  both  the  same  bases,  namely,  silex,  alumina, 
glucine,  and  lime ;  but  the  colouring  principle  in  the  eme- 
rald is  chrome,  and,  in  the  beryl,  a  very  small  quantity  of 
The  garnets  of  Bohemia^  of  a  deep  bright-red,  and 


Topaz. 


Piunet 


iron. 


*  lApidaries  call  all  peifect  gems  onental*  and  those  vhich  are  less  69  occi« 
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those,  of  Syria,  of  a  por|Je  vioJet  colour,  contmn  a  large 
proportion  of  iron,  sometimes  one-third,  or  even  two-fifths: 
the  oriental  ganiet  is  very  magnetic.  It  is  a  lungular  cir* 
cumstance,  that  this  quantity  of  iron  does  not  injure  its 
transparency  \  The  eymophaney  known  also  by  the  names 
of  chrysobeiyl,  and  oriental  chrysoUte,  is  of  a  yellowish 
green  colour,  and  is  nearly  as  hard  and  heavy  as  the  co* 
rundum. 

We  have  not  yet  spoken  of  the  diamond,  that  king  of  IKaiixm^ 
gems.  The  reason  is,  that  this  king  is  now  dethroned. 
Modem  chemistry  has  proved,  by  multiplied  and  deci^ve 
experiments,  that  the  diamond,  far  from  resisting  the  fire, 
like  all  true  gems,  is  entirely  dissipated,  without  leaving 
any  re^duum  whatsoever.  Consequently,  the  diamond  is 
now  classed  among  the  combustible  substances^  along  with 
sulphur,  amber,  and  coaL  It  appears  th^t  the  diamond 
consists  of  pure  carbon.  Like  all  the  other  fine  gems,  the 
diamond  seems  to  abound  most  in  the  East  Indies,  and  in 
South  America.  The  precious  metals  also  more  peculiarly 
belong  to  the  equatorial  regions. 

Passing  over  some  less  interesting  species,  we  come  to^eldsptr. 
feldspar,  a  substance  composed  principally  of  silex  and 
alumina,  with  small  proportions  of  lime  and  potash.  If  it 
be  coloured,  it  is  by  the  presence  of  oxide  of  iron.  It  cuts 
glass,  is  phosphoric,  and  emits  sparks  when  struck  with 
steel.  The  feldspar  forms  the  base  of  a  multitude  of 
rocks,  and  predominates  in  those  of  primitive  formation, 
constituting  at  least  two  thirds  of  the  substance  of  granite  \ 
Extensive  mountains  are  sometimes  solely  composed  of  it. 
Guldenstedt  tells  us,  that  feldspar,  either  pure,  or  mixed 
with  granulated  quartz,  forms  that  vast  plain  of  rocks, 
which  extends  from  both  sides  of  the  cataracts  of  the  Dnie« 
per.  The  fosses  of  the  fort  of  Sacharowa,  are  cut  out 
of  natural  feldspar^.  It  is  also  to  this  substance  that 
porphyry  rocks  owe  the  distinct  spots  which  arise  out  of 

.  ^  Haiijr,  n.  561. 
«  Dolomieo,  quoted  hj  Haii  j,  u.  60S.  .  ^ 

f  Georgi,  Kmsie,  vL  179. 
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their  general  colour;  but  these  rocks  rarely  present  them- 
selves under  regular  forms.  The  fine*crystals  of  feldspar, 
whether  opaque  and  cdoured,  or  limpid  and  transparent, 
odcupy  veins  or  cavities,  ocmtaoned  in  the  pnmitive  moun- 
tains; and  it  is  the  Lombard  Alps  which  have  furnished 
what  ther  cabinets  of  France  consider  the  most  perfect  spe- 
dmens  of  this  kind.  But  the  most  beautiful  crystals  of 
feldspar,  which  join  to  a  fine  green  colour  a  great  degree 
of  transparency,  are  found  in  detached  blocks  or  masses  in 
the  steppes  of  the  Kirguis,  idience  the  Buchanans  carry 
them  to  Semipalatnoi^  It  is  the  mountains  of  Siberia,  to- 
wards this  lake  Baikal,  which  have  supplied  these  large 
plates  of  azure  feldspar,  with  which  the  palace  of  Czars- 
koselo  is  adorned.  It  appears  then  that  this  substance 
abounds  still  more  in  the  Alps  of  Asia  than  in  those  of 
Europe.  On  the  contrary,  America  does  not  appear  to 
Bttord  it  in  large  quantities. 

■ed^SdSp"  Feldspar,  even  when  decomposed,  still  maintains  a  cha- 
racter of  importance.  It  is  found  in  extendve  beds,  from 
the  Uralian  mountains  to  Kamtchatka.  Of  the  two  sub- 
stances which  the  Chinese  use  in  the  maldng  of  porcelain, 
the  one  named  p^hmzS,  is  a  whitish  laminated  feldspar ; 
the  other  called  kaolin^  is  an  ar^liform  feldspar,  diat  is  to 
say,  fddspar  whidi  has  passed  by  decomposition,  from  the 
state  of  a  stone,  to  that  of  a  very  brittle  day,  without  co- 
hesion, cominning  with  water,  of  a  fine  white  colour,  and  in- 
fusible by  itself-— the  pehmxi  acting  as  a  flux.  The  same 
substances  are  employed  in  Europe  in  the  manu&cture  of 
porodain  Wiure. 

Pctrerilex.  fphe  name  of  petrosSex  '  has  been  given  to  several  sub-' 
stances,'  very  viddy  distributed  in  nature  ;  but  there  ap-^ 

N  pewns  to  exist  great  confusion  in  tbtS  subdivision  of  the  mi- 

neral kingdom!     Hhe  homstone  of  Werner  or  keratolithe 

•  Pjflas,  Noui^  MtaoiKs^tt  Noid,  ¥.  809.  Bindheim,  Amljie»  fte.  dans 
les  M6moire8  dcs  Natonlistes  de  Berlin,  vol.  xL 

'  Fetrofilex,  a  Latin  word,  which  corresponds  to  the  words^  J^4tiad  in  Ger- 
man ;  Urg-fimt  in  Dauiqh ;  heUe-JUn$a  in  SwsdMh  :  all  «h«c  wwds  mean 
rock-fliat. 
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of  BeinD^erie,  and  the  secondary  petrofiilex,  or  nhpHre 
of  Saussure^  appear  to  be  cine  and  the  satne  si]d)staiice  S  be« 
hmgiag  to  the  larger  fuartk  dgaitei^  and  to  the  secondary 
racks;  but  die  tiue  petrosUex,  cooipact  and  deim-trampa- 
Pent,  which  ia  fmmd  ia  Sweden  ^,  in  Nmrway,  in  Switser* 
land,  and  in  general  in  all  the  primitive  fooksy  appears  to 
itescmUe  ieldspia: '.  This  etone  forms  of  itself  veiy  con- 
dtdeoaUe  mountains^  a»  weU  in  due  Alpe  as  in  the  TTraRan 
chahl.  Li  the  kttetv  ^  »  fcmtA  sparingly  in  detached 
Uoeka  and  rdted  pibiefl.  AmpMbole^  though  less  c^^m-^^^* 
tkioa  t^m  fel^spar^  h(4ds  a  no  less  distinguished  rank  Horn, 
aaoong  due  sulistaMes  ^Uch  ^ecftnpose  the  primitive  rocks.  ^^^^ 
It  prfdboiinatea  in  greenstein ;  it  forms  ^ith  feldspar  the 
pitmkitB  treppa,  ^kfc  difier  from  basalt ;  and  enters  into 
the  tsompaskian  of  syenite,  a  stone  often  nearly  allied  to 
graidt««  It  diso  forms  of  itself  very  ooftsidentble  masses. 
The  ctyBtab  of  Eutopeatt  amphibole  ase  most  frequently 
met  with  iaoased  m  substances  ejected  by  volcanos.  In 
Siberia,  thf  tmveti^  Laxman,  found,  near  the  lake  of 
Baikal^  Bdipiiibole  ^^tystallised  in  vooMl  prismatic  columns, 
Mkk  four  kEge  £a/0^  uxA  t^ree  small  ones.  It  was  hence 
edfed  bt^bifite^. 

Mifia^  «subsitan0s  ^emarkaMe  for  ifts  metallic  brilliancy,    Mica^ 
is  diatiiigKished  from  tale  %y  its  pure,  ismooth  surface,  and 
by  aot  bdiig  like  tailc  unctuous  to  the  touch.    The  variety 
of  flMw  whioh  oonsiste  ^  large  thin  transparent  laminse, 
is  mietermed  tale  of  Muscovy.     It  is  also  known  under  the 


Latia  nan^  of  Gkuws  Maria.    The  Russians,  especially  in  ^»»  ^ 
Hse  it  in  their  windows  instead  of  glass^;  but  it 


teiaaiheQatiieB4s«ied|  and)  in  some  measuw  loses  its  trans. 


1"  WiUBHliUy  SyAme  Itiin^nfl,  toI.  i  p.  263.  (Petionlex  equabiUs,  Spec. 
123.) 

^  HaUy,  iv.  385.  Delametherie,  iL  203. 

k  Serergin,  Not.  Act.  PetropoL  1791.  p.  307.  Cxell«  Chim.  Ann.  1793.,  ii. 
21. 

*  Patnnj  Hist.  Nat.  des  Minirauxi  vol.  l  p.  71. 


208  llOOK  KtNTH. 

pareney  by  exposure  to  the  air.     Another  Variety  of  mica 
in  spangles  of  a  yellowidi  gold^  or  whitish  silver  colour^ 
is  known  all  over  the  worlds  by  th^  ridiculous  names  of 
caf^s  gold,  or  cafs  silver.  The  gilt  sand,  and  gold  powder, 
which  the  paper-maker^  use  for  purposes  of  ornament,,  iare 
only  mica  in  small  fragmentSi  ;  , 
Position  of  .  Mica,saysDolomieu"^,  belongs  essentially  to  the  primordial 
^'^*'        rocks,  where  it  has  ori^nated  in  the  midst  of  the  confused 
crystal  li2;ation  by  which  these  rocks  have  been  formed.  That 
which  is  imbedded  in  cectain  stony  substances,  of  secondary 
formation,  has  bisen  conveyed  thither  after  the  destruction  of 
the  rocks  which  inclosed  it ;  and  so  much  the  more  ea»ly, 
as  its  particles,  thin  and  light,  were  susceptible  of  being  car- 
ried along  by  the  waters,  which  deposited  them  with  other 
sediments  of  an  analogous  nature.     The  remains  of  mie% 
are  also  found  (having  been  carried  thither)  in  the  beds  of 
hard  grey-stone,  (gresj  and  schist,  which  generally  al- 
ternate with  strata  of  coal.    Its  fragments  are  still  often' 
disseminated  in  the  sands  of  the  most  recent  epoch ;  thus^ 
it  exists  in  different  states  in  substances  of  every  for^lation. 
It  appears  that,  in  the  south  of  Europe,  as  has  been  welt 
observed  by  Dolomieu,  mica  is  rarely  found  ciystallizedby 
itself;  that  in  rocks  it  does  not  fc»m  laminas  of  any  sensible 
extent,  and  that,  even  in  the  state  of  veins,  its  plates  are 
only  some  inches  in  dimensions ;  but  all  accounts  agree  in 
asserting  that  it  is  found  in  Russia,  Siberia,  and  Soi^ria,* 
in  laminae,  and  in  masses,  sometimes  more  than  two  ells 
.square.     It  is  in  the  granite  mountains  near  the  rivers  of 
Mama  and  Aldon  that  the  mica  is  worked.     It  is  found  in 
detached  masses,  and  it  sometimes  appears  on  the  surface 
of  the  earth,  but  is  ofterier  covered  with  a  bed  of  talc". 
Near  the  lake  Baikal,  and  in  the  Uralian  mountains,-  we 
meet  with  masses  composed  of  rhomboidal  and  hexagonal 
laminse  of  transparent  mica  in  the  midst  of  granite.     It  i» 

™  Ha'tiy,  Min^ralogie,  iii.  214. 
■  Gmelin,  dans  Georgi,  iii  !?38. 
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an  undoubted  phenomenon  in  physical  geography,  that  the 
most  abundant  crystallisation  of  mica  b  in  the  northern 
regions. 

Tsdc^^  which  differs  from  mica  by  the  greasiness  of  its  Talc. 
surface,  is  also  less  hard ;  it  does  not  even  mark  the  carbo- 
nate of  lime ;  it  is  easily  scraped  with  a  knife.  On  the 
other  hand,  it  differs  from  soapy  clay,  because  it  forms  no 
paste  with  water,  and  does  not  adhere  to  the  tongue.  The 
talc  of  Venice,  which  abounds  in  the  Tyrol  and  Valteline, 
is  of  a  greenish  white,  alvery,  and  divisible  into  thin,  tran- 
sparent, and  flexible  plates ;  it  furnishes  a  powder  which 
Venders  the  skin  smooth,  and  is  employed  as  a  cosmetic. 
The  scaly  talc  is  known  under  the  name  of  chalk  of  Brian- 
^n.  Steatite  J  or  Rock  Soap,  is  the  graphic  talc  of  Haiiy. 
It  is  the  substance  of  which  these  little  figures  that  are 
^broi^ht  from  China  are  formed,  and  whose  grotesque  ap- 
pearance has  caused  them  to  be  called  McLgots^  in  allusion 
to  a  spedes  of  monkey  which  bears  that  name.  The  <^  talc 
(dlaire,^  which  is  easily  turned  on  the  wheel^  is  made  into 

pots. 

.  This  substance  belongs  equally  to  the  pnnutive  and  se-  PoeitiMi  of 
condary  rocks,  but  it  is  less  common  in  the  latter.  Ac-^^ 
cording  to  Dolomieu,  it  sometimes  arises  from  the  decom- 
paction of  serpentine  rocks,  and  it  then  occupies  cavides 
where  the  products  of  the  decomposition  are  collected. 
Dolomieu,  however,  considers  the  talc  as  formed  a  Ipng  time 
after  the  granite  rooks.  It  indeed  is  disposed  in  very  ex- 
teneive  banks,  but  then  it  is  neither  pure  nor  homogeneous. 
The  purest  talc  is  found  in  detached,  nodules  imbedded 
in  micaceous  rocks.  The  opeQ  chlorite  talc,  seems  some- 
times to  have  penetrated  by  filtration  into  the  veins  of  the 
primitive  rocks ;  it  is  coloured  by  iron.  In  Corsica,  and 
near  the  White  Sea  p,  we  find  a  foliated  sort,  which  is  pe- 
netrated throughout  with  little  sparkling  crystals  of  iron. 
The  green  earth  of  Verona,  which  is  used  in  painting,  is  a 

*  Talc,  a  stone  greasy  to  the  touch  and  sight ;  from  talg,  foA^  in.  Danish, 
Swedish,  German. 

r  Laxman,  in  Georgi,  iii.  214* 
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Tounna- 
line. 


Jade. 


variety  of  chlorite  talc ;  it  is  contained  in  beds  of  compact 
lava,  into  the  cavities  of  which  it  has  been  introduced  by 
filtration. 

We  shall  be  obliged  to  -pass  rapidly  over  many  interest- 
ing species,  such  as  the  tourmaline  or  the  electric  schorl, 
which  is  remarkable  for  its  very  strong  electricity  in  its 
two  opposite  points ;  when  heated,  it  attracts  or  repels  light 
JLazulite.  bodies,  such  as  aishes  ^ ; — the  lazulite,  or  sapphire  of  the 
ancients ',  which  furnishes  the  superb  paint  called  Ultra- 
marine, the  permanency  o^  which,  by  the  side  of  the  other 
colours,  which  are  more  or  less  affected  and  altered  by  the 
action  of  the  air,  somewhat  impairs  that  harmony  of  tints 
which  is  so  pleasing  in  pictures  ;•— a  number  of  stones,  to 
which  the  names  have  successfully  been  given,  of  zeolite. 
Jade,  or  nephrite,  which  resembles  talc ;  idocrase^  otheiv 
^iise  vesuvian ;  the  amphigene  of  Haiiy,  otherwise  the  leu- 
cite  or  white  garnet ;  the  emeraudine,  (dioptasse  of  Haiiy,) 
which,  by  its-  beautiful  green  colour,  derived  from  copper, 
indicates  the  emerald  species;  and  a  number  of  others, 
which  it  were  tedious  to  enumerate.  We  will  terminate 
this  hasty  survey  of  earthy  substances  by  a  brief  descrip- 
tion of  the  celebrated  asbestos. 

This  substance,  called  also  amianthus,  appears  lb  be 
produced  from  the  decomposition  of  primitive  rocks,  amongst 
which  it  is  ofteHest  found.  It  chiefly  occupies  fissures  and 
cavities  of  steatitic  rocks, 'Serpentine,  and  others  abounding 
in  magnesia.  The  asbestos  which  is  found  in  the  mountains 
of  Tarantaise,  in  Savoy,  forms  i^lky  filaments  of  more  ihan 
three  decimetres,  or  about  a  foot  in  length.  People,  when 
they  see,  for  the  first  time,  a  detached  tuft  of  asbestos,  can 
scarcely  be  convinced  that  it  is  actually  a  stone,  and  not  a  spe- 
cies of  fine  white  silk.  Asbestos  abounds  in  Corsica ;  Dolo^ 
mieu  made  use  of  it,  instead  of  hay  and  tow,  to  pack  up 
other  minerals.     Ciampini  says,  that  the  longest  asbestos 


Asbestos, 
or  amian- 
thus. 


^  Mineralogie  de  Ha'uy,  iiL  pages  44—58. 

'  Bayer,  Dissert,  de  Sapphiro.    Beckmann,  Histoire  dfes  Inventioiis,  lin 
182.  sqq. 
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he  aver  saw  came  from  the  Pyrenees ".  It  abounds  in  tbe 
Uralian.inountaiiiSj  and  in  XSrreenland.  In  'Corsica,  they 
noK  asbestos  with  the  clay  used  in  the  potteries,  which  isUte  of  th< 
thus  rendered  less  brittle,  and  more  capable  of  reasting  the"* 
sudden  alternations  of  heat  and  cold.  The  ancients  spui; 
the  asbestos,  and  made  towels,  napkins,  and  head  dresses 
crf'it.  When  these  became  soiled  by  use,  they  were  thrown 
into  the  fire,  which  did  not  destroy  the  substance  of  the  as- 
bestos, and  upon  being  taken  out,  were  found  to  be  whiter 
thf n  if  tbey  )iad  been  washed.  In  the  funeral  obsequies  of 
kings  and  emperors,  t^e  dead  hqdy  was  enveloped  with 
dot)is  of  ^bestos,  befcnre  it  was  placed  on  the  funeral  pile ; 
and  thus  the  ashes  were  obtained  quite  unmixed  K  In  mo- 
dem times,  the  Bussiaas  alone  have  attempted,  but  without 
SQcoess,  to  ^pin  the  asbestos.  The  inhabitants  of  the  Urali^n 
mountains  have  still  preserved  some  remains  of  this  frivolous 
industry  ~.  The  indestructible  paper,  made  from  this  sub- 
stance, appears  more  useful.  Wicks  for  l^maps  ase  illso 
fcMSQied  of  tlie  asbestos,  which  easily  imlnbe  oil,  and  bum 
with  a  brilliant  flame  \  Fath^  Kircher  made  use  of  sudi 
a  wick  for  more  than  two  years,  without  any  perceptible  de- 
ci^,  but,  having  wet  it  by  accident,  was  prevented  fvetm 
continuing  his  experiment.  Perhaps  the  fabulous  aooounts 
of  unextinguishable  Bejpalchsal  lamps  derive  their  origin  from 
this  eircumstance. 

Of  the  inflammable  substances,  *su]phur  naiturally  pre-  Sulphur, 
sents  itself  first  to  our  obs«*vation.  That  whieh  is  crys« 
tallized  by  the  action  of  a  liquid,  is  fi»und  in  vmns  or  in 
bods,  amongst  sulphate  of  lime,  or  amoi^ist  potters  clay. 
These  beds,  which  are  often  very  extensive,  border  upon 
strata  of  rock  salt  Crystals  of  sulphur  sometimes  adorn 
the  interior  of  calcareous,  or  even  quartz  eagle 'Stones.  With 
respect  to  sulphur  formed  by  sublimation,  it  is  fiound  in 
powder,  in  striated  masses,  or  even  in  crystals,  at  the  mouth 

*  De  Lino  Incombustabile ;  Somas,  in  4to.  1691,  p.  5, 6.    ^ 

*  Pliny,  Nat.  Hist.  b.  19.  ch.  1. 

^  fimelonann,  Msgnalia  Dei  in  loch  subterr*  iu  955.  Oeorgi,  iii.  24i. 
'  Egede,  Account  of  Greenland,  (in  Danish.) 
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of  many  volcanos,  such  as  Etna,  Vesuvius,  and  Mount 
Hecla.  Sulphur  is  also  obtained  from  the  putrefaction  of 
animal  matter.  Several  substances,  amongst  others  the 
sulphurous  pyrites,  are  impregnated  with  sulphur.  We 
cannot  doubt  that  sulphurous  and  sulphuric  acid  exerted  a 
powerful  agency  in  the  primitive  fermentation  of  the  ele- 
ments— ^but  there  is  nothing  in  the  existing  economy  of  na- 
ture which  can  enable  us  to  penetrate  these  mysteries  of 
**  chaos  and  ancient  night.*^ 

We  have  already  spoken  of  the  diamond,  to  which  the  . 
rigid  justice  of  modem  chemistry  assigns  a  place  amongst 
Anthracite,  combustible  substances.  The  anthracite,  a  substance  si- 
milar to  the  pit-  coal,  combined  with  stony  matter,  of  diffi- 
cult combustion,  appears  to  have  the  same  principle  for  its 
basis  as  the  diamond,  namely,  pure  carbon,  accidentally 
-mixed  with  flint  and  iron.  The  anthracite  occurs  chiefly, 
but  not  exclusively  y,  in  primitive  rocks,  where  it  forms  con- 
Carbon,  siderable  masses.  Thus,  as  Dolomieu  observes  ■,  "  carbon, 
or  the  carbonaceous  principle,  exists  in  nature, independently 
of  animals  and  vegetables,  of  which  there  are  no  traces 
found  in  the  primitive  soils.^  Let  us  also  add,  that  sul- 
phur must  have  existed  before  organized  bodies,  since, 
•as  Delam6therie  observes,  it  is  found  in  granite  *.  Deluc 
has  lately  expressed  the  same  opinion  in  relation  to  pri- 
mitive calcareous  earths  We  seem  every  day  becom- 
ing more  disposed  to  admit  the  formal  pre-existence  of  all 
the  elements  which  enter  into  the  composition  of  the  globe, 
whilst  false  logic  would  represent  them  as  being  wholly 
the  remains  of  animals  or  vegetables.  Let  us  rather  say, 
that  the  organic  energy  of  nature  exerted  in  two  difierent 
directions,  has  given  rise  on  one  side  to  calcareous  rocks, 
'  alkaline-earthy  substances,  and  animals — on  the  other,  to 
quartzeous  and  bituminous  substances,  and  vegetables; 
constantly  putting  in  action  the  same  elements,  or  their 

7  Hericart  de  Thury;  quoted  by  Brongniart,  Tr.  de  Mineral,  ii.  58. 
■  Journal  des  Mines,  No.  29.  p.  338,  339. 
»  Th^oriedela  Terrc,  ii.  p.  250. 
^  Journal  de  Fhys.  1803. 
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products,  but  always  proceeding  from  a  general  Mid  im- 
perfect organization,  to  smother  more  individual  and  more 
pofect,  ascending  from  the  stone  to  the  diamond,  from 
mdlybdena  to  gold,  from  the  medusa  to  the  shell,  and  from 
the  polypus  to  mao. 

The  elementary  oils  existed  also  without  doubt  before 
v^etaMe  substances.  The  place  they  hold  in  nature  is 
worthy  of  our  attention. 

Bitumen,  in  a  liquid  state,  when  it  is  of  a  brownish  co-  Bitaminoas 
lour,  commonly  bears  the  name  of  petroleum,  or  mineral  1^^^^*"™* 
tar,  and  when  it  is  white  and  transparent,  that  of  naphtha. 
It  filters  through  the  earth  and  rocks  which  remain  impreg- 
nated with  it  There  are  springs  of  it ;  those  of  Baku  in 
Peraa  are  well  known.  It  floats  sometimes  like  oil  upon 
the  surface  of  the  waters.  It  is  said  that  there  is  a  lake  of 
this  description  in  Mesopotamia.  In  the  dudiy  of  Parma, 
it  is  drawn  up  in  buckets  from  wells  sunk  in  the  earth  for 
the  purpose.  T^he  same  substance,  in  drying,  passes  to  a 
state  of  glutinous  bitumen,  named  also  maliha^  mineral 
pitch,  or  ptssasphaUum^  and  from  that  to  solid  pitch — ^in 
this  last  state  it  is  called  asphaihtniy  and  gives  its  name  to 
lake  Asphaltus  in  Palestine.  It  appears  that  a  sub- 
terraneous fermentation  detaches  from  a  bed  of  solid  bitu- 
men, atuated  under  the  lake,  those  crusts  of  asphaltum 
that  we  see  swimming  on  its  surface.  The  glutinous  bitu- 
men is  found  in  France,  in  Auvergne,  at  a  place  called  the 
Puy  de  la  Pege  %  where  it  covers  the  earth,  and  sticks  to 
the  feet,  so  as  .to  incommode  and  retard  the  traveller.  In 
Persia,  Japan,  and  other  countries,  they  use  liquid  bi- 
tumen as  oil  for  their  lamps.  The  Persians  and  Turks 
mix  it  with  their  varnish  to  give  it  lustre.  The  walls  of 
Babylon  were  built  with  a  cement  in  which  Intumen  formed 
an  ingredient.  Bouille  has  concluded,  from  his  experi- 
ments upon  mummies,  that  the  Egyptians  employed  bitu« 
men  in  their  embalming. 

«  Lemery,  Dictbim.  p.  602.    The  name  of  La  Pege  comes  inthout  doubt 
liom  the  Latin  ^,  jnctf  ,  la/ioury  pitch. 
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bas^.  Most  naturaliBtss  coD^der  piUsoal,  (luid  the  sam 
may  be  said  of  other  bituminous  substanees,)'  aa  being 
in  a  gfeat  measure  a  product  of  the  vegetable  sad 
animal  kingdoms.  Such  an  origin  appears  at  first  marked 
out  by  the  numett)us'  remains^  of  oiganie  bodies,^  |>arti- 
euiarty  of  trell  kno^n  sea  aniiidals,.  which'  aye  &uAei  in 
coal  mines ;  by  the  impression  of  different  fdants,  pHTtieiy- 
larly  of  llie  fern  tribe^  in  the  sehktous  daya,  whidi  Ibrm 
the  roof  of  these  mines ;  and,  finally,  by  wood,  still  partly 
in  a  ligneous  sttfte  and  partly  bitunnnated,  so  that  we  caa^ 
from  i^ich  appearacnces  trace,  a»  it  were,  the  process  follow- 
ed in  the  fdrmation  of  coal,  ih3im  oi»  point  in  the  scale  to 
another. 

Chemical  analysis  pro^^  that  pit  coal  gives  the  sioile 
prbdncts  as  organiiKed  bodbs,  namely,  hydrogen,  oxygen, 
earbon,  azote,  and  an  earthy  reindtle. 

^08^  °^  ^^^^  ^*  *^**  commonly  found  in  Francef  .and  in  England, 
where  the  primitive  and  secondary  rocks  join;  whence 
it  has  beeii  concluded,  that  beds  of  coal  were  colledions 
d(  Substances  deposited  by  the  ancient  s^  along  the  shores 
of  the  ancient  eafth'^^it  is  supposed  that  the  rivers  woald 
bear  along  tr^s,  j]4lantis^  and  bodies  of  animab  towards  the 
i^a,  t^hich  would  throw  them  back  upon  it^  primitrre 
shores,  where  they  would  aecunnitate  in  beds  and  masses, 
and  in  that  conation  ente^  into  a  state  of  decomposhion 
and  combustion.  The  mines  of  eoHl  otigbt  then  to  be 
found  disposed  around  the  mbst  elevated  nticki  of  the  hew, 
or  actually  existing  earth,  and  which  have  been  the  islandt; 
of  the  primeval  ocean.  Such  is,  amongst  *otbei^i^  the  dispo- 
Atixm  of  the  mines  of  coal  around  the  mountains  of  Hartz^ 
A^  described  by  Lehmaritt  *. 

But  the  simplicity  of  this  theory  does  not  aixount  for  tiie 
compHcfttled  dtcumstanees  conneeted  with  the  position  of 
poal.  The  numerous  beds  of  sandstone,  (grh,)  of  schist,  and 
chalk,  which  generally  separate  those  of  coal  %  shew  us  th^t 

*  Desmare ts,  Nout.  Encyclop.  Geog.  Phyi;  art.  HoiteUe. 

f  Duhamel,  Estrait  d'un  Memoire,  &c  Journal  des  Mines,  yiiL  33. 
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this  last  substance  has  bf^en  formed  at  different  intervals  in 
a  fluid,  and  perhaps  in  part,  at  a  period  when  the  present 
vegetables  and  animals  did  ngt  exist.  In  sope  p]ace9,  ac- 
cording to  Delaxnetherie,  the  intermediate  beds  which- se- 
parate the  strata  of  coal,  preserve,  as  well  as  these  strata,  a 
constant  parallelism  between  them.  Xhijs  parallelism  is  so  Parallelism 
much  the  more  remarkable,  that  there  are  beds  of  co«J*  or^aL  *^* 
which  are  scarcely  an  inch  in  thickness,  althoi^gh  often  se- 
veral  leagues  in  extent.  It  has  been  concluded,  and  with 
si}fficient  probability,  that  these  beds  were  formed  in  interi- 
pr  lakes,  and  crystallized  in  calm  waters^.  It  mu$t  at  the 
$ame  time  be  stated,  that  we  observe  other  beds  of  ^oal 
which  indicate  circumstances  of  great  confusion.  Near 
Valendenne^  some  beds,. which  are  vertical,  or  aln^ost  ver- 
tical, are  covered  over  by  an  alternate  superposition  with 
beds  parallel  to  the  horizon  ^. 

The  great  extent  of  beds  of  coal  presents  another  subject 
worthy  of  consideration ;  they  appear  to  pass  under  the  very 
bottom  of  the  sea. 

In  the  Danish  island  of  Bornholm,  which  is  composed  of  Submarine 
calcareous  and  schistous  earths,  of  a  secondary  jforpaation,  ^^^^^ 
we  find  a  o<Hisiderable  bed  of  coal,  which  cpmes  from  the 
Baltic  sea,  passes  under  the  island,  and  extends  itself  i|gain 
under  the  sea,  towards  the  opposite  coasfs  of  Scania,  a  prc^- 
yince  of  Sweden.  This  bed,  the  thickness  of  which  is  not 
known,  may  be  from  five  to  seven  leagues  in  leqgtb,  and 
^lore  than  one  league  in  breadth  \  We  may  conclude,  ac- 
cording to  the  apparent  directioa  of  the  bed,  that  it  ought 
equally  to  be  extended  under  the  secondary  schistous 
rocks  in  Scania.  Scania  runs  from  south-east  to  north- 
west, in  the  same  direction  as  the  bed  of  submarine  coal. 
la  fact,  alumin  schist  (aluminous)  is  found  first  at  An- 
drarum,  and  a  bed  of  coal  has  been  recently  discovered 


'Ddametherie,  Th6orie  de  la  Terre,  v.  p.  39. 
t  Baillet,  inspector  Amines,  quoted  by  Haiijr,  Mineral,  iii.  3^. 
>■  Memoirs  t)f  the  Society  of  Knral  Economy  of  Copenhagen,  (in  Danish,) 
i.  p.  455—4^96. 
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at  Hoganelss,  upon  tbe  borders  of  the  Sound,  or  entrance  of 
the  Baltic. 
Pit  eoals  In  short,  it  is  a  very  remarkable  thing,  that  coal,  a  sub- 
ba^  "*  stance  so  easily  inflammable,  is  found  covered  over  with 
substances,  which,  if  they  are  not  the  products  of  voleanosi 
seem  at  least  to  owe  their  origin  to  fusion,  occasioned  by  the 
powerful  action  of  caloric.  The  most  striking  example  of  this 
collocation  of  the  seams  of  coal  has  not  yet  been  examined 
with  due  care.  The  islands  of  Feroe,  which  appear  to  be  no- 
thing but  masses  of  basalt,  and  which  rise  perpendicularly 
from  the  bosom  of  the  sea  to  the  height  of  1800  feet,  contain 
an  extensive  mine  of  coal,  inclining  to  the  variety  named 
<<  dry  coal\^  It  is  found  in  the  island  of  Sudoree,  and,  accord- 
ing to  the  descriptions  ^ven  of  it,  it  seems  to  have  at  once, 
for  its  roof,  its  wall,  and  its  support,  basalt,  trapp,  or  rocks 
which  are  closely  connected  with  these  two  kinds  \ 

All  bituminous  substances  exercise  in  a  singular  manner 
the  ingenuity  of  the  naturalist,  who,  though  he  can  dis- 
cover the  elements  of  which  they  are  composed,  canpot  ex- 
plain the  origin. 
Jet  Jet  is  found  so  difierently  described,  that  we  cannot  say 

whether  it  is  fossil  wood,  or  hardened  asphaltum.  The 
Elastic  elastic  bitumen,  which  occurs  in  England,  near  CastletoH 
P"  in  Derbyshire,  appears,  according  to  the  researches  of  two 

distinguished  naturalists  K  to  be  a  substance  identified  with 
the  cahoutckicCy  or  elastic  gum,  which  certain  trees  in  Peru 
furnish.  This  fossil  cahoutchuc  transported  to  so  great  a 
distance  from  the  warm  climate  in  which  it  must  have  been 
produced,  seems  then  to  furnish  a  new  proof  of  the  aston- 
ishing revolutions  which  our  globe  has  undergone.  The- 
state  of  hardness,  however,  in  which  certain  portions  of  this 
bitumen  are  found,  renders  the  nature  of  it  very  uncertain. 

1  See  CharlMD. 

^  Memoiies  de  la  Societe  d*Histoire  Naturelle  de  Copenbague.      Voyez, 
article  Feroct  d-apies. 

1  Delametherie,.  Jnunal  de  Physique,  zzxi.  p.  311;  Faujas  Saint-Fond, 
Annales  du  Museum  d'Histoire  Naturelle,  1,  26ijqq, ,-  Mawe,  Mineralogy  of 
Derbyshire,  ?iiL  80. 
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The  most  celebrated  of  all  the  iMtumlDous  substances,  is  Sucdnum, 
^issuredly  Sucdnum^  or  yellow  amber.  We  have  seen  whatj^J^^^^ 
a  prominent  part  the  Sucdne  islands,  or  the  Electrides^ 
formed  in  the  history  of  the  ancient  geographical  tradition^ 
and  tbat  we  may  with  equal  probability,  seek  for  this  coun- 
try of  yellow  amber  in  the  Asturias,  where  that  substance 
abounds  in  the  beds  of  coal  ™ ;  and  in  Eastern  Prussia, 
where  the  Bdtic  Sea  throws  pieces  of  it  upon  the  coasts, 
and  where  formerly  the  fishermen  collected  lumps  of  it  in 
their  nets  °,  whilst  now  it  is  the  regular  working  of  the  hills 
of  sand  in  the  neighbourhood  of  the  sea,  which  furnishes 
the  greatest  quantity  ^.  There  was  lately  found  at  Schlep- 
packen,  at  the  distance  of  twelve  Grerman  miles  from  the 
sea,  the  largest  piece  of  amber  that  was  ever  known ;  it 
weighs  13t  pounds,  and  is  preserved  in  the  royal  museum 
of  Berlin  p.  Next  to  Prussia,  Eastern  Fomerania  furnishes 
the  greatest  quantity  of  amber:  where  it  is  also  worked  in 
quarries  4.  In  general,  the  whole  of  the  plain  which  bor- 
ders the  Baltic  Sea  on  the  south,  produces  amber  commonly 
within  the  beds  of  sand,  and  of  clay,  sometimes  in  the  midst 
of  imperfect  coal '.  These  depots  of  amber  extend  from 
Livonia,  and  particularly  from  Courland,  to  the  western 
coasts  of  Sleswick,  where  perhaps  the  Phcenicians  purchas- 
ed this  substance  formerly  so  much  sought  after*. 

The  situations  in  which  yellow  amber  occurs ;  the  phy-  Orighi  of 
sical  and  chemical  qualities  of  this  substance,  which  appears  ^^"^  *™* 
to  approach  the  resinous  gums ;  the  insects  which  are  found 
enclosed  within  it,  as  in  a  crystal  prison ;  every  thing,  in 

">  D.  CasbI*  Hiitoiie  Medicale  des  Asturies,  dans  les  Annalfts  des  Voyages, 
Tm.80. 

**  Boet.  De  Lapid.  et  Gemmis,  L  iL  p.  159.  Hartmaim,  Suodni  Pnudci 
fiistoria  Phyaot,  etc.;  Francfott,  1677,  etc 

•  Has8e»  la  Prune,  le  pays  d'ambre  jaune  et  le  paTadis;  Kcenigsbeig,  1799. 

r  Kant,  Gfognphie  Physique,  vii.  154,  (supplement) 

'i  Brennus,  Journal  Litteraire  de  Berlin,  Janvier  1802,  p.  13.  Teor.,  p.  141. 
fioha,  M&mrires  de  Pom^ranie,  1,  cah.  iv.  p.  399. 

'  Seetzen,  Magasin  min^ndog.  de  M.  Hoff,  1.  toL,  4*  cahier,  p.  406. 

■  Heinze,  Nouyeau  Magasin  de  Kiel,  xL  337  tqq.  (d^apres  les  M^hnoiies  dt 
TAcad^mie  des  Sdences  de  Copenhague.) 
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short,  connected  with  its  history,  would  induce  us  to  regard 
this  fossil  as  a  juice  which  once  flowed  from  a  tree,  and 
which,  buried  in  the  earth  by  some  natural  convuLuon, 
would  be  impregnated  with  mineral  vapours,  and  acquire  a 
certain  degree  of  consistency  ^  But  as  the  copal,  the  on- 
ly kind  of  known  gum  which  re^mbles  amber,  is  brought 
to  us  from  Africa  and  the  East  Indies,  it  would  appear^ 
that  the  forests  in  which  amber  is  produced,  could  not  exist 
in  the  environs  of  the  Baltic,  unless  a  very  elevated  tem- 
perature prevailed.  Thus,  these  small  fragile  crystals, 
which  at  first  seem  to  be  only  an  object  of  idle  curiosity, 
become  so  many  monuments  of  the  revolutions  which  our 
planet  has  experienced. 

«  Fourcroy,  Elemens  d*Histoire  Natwelle  et  de  Chimie  (4dit.  de  1789,)  iiL 
443. 
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CaiOmumiicn  <fihe  Theory  qf  Geography.  Of  the  eimpk 
eubskmaes  wAicA  eompoee  the  solid  part  ^  the  gUbe. 
SecHon  Second :  ofMetale. 

T^E  only  minerala  which  remain  for  us  to  contnder,  areGcoeni 
met^s ;  substances  whose  brightness,  weight,  density,  due-  ^^  ^^ 
fffity,  and  fusibility,  engage  the  attention  of  mineralogists 
aftd  crystallographerd ;   substances  which,  forming  some^ 
times  the  representative  signs  of  the  products  of  industry, 
and  sometimes  the  usefol  or  the  formidable  instruments  of 
our  arts,  and  our  passions,  ought  to  be  carefully  noticed  in 
the  description  of  political  states;  but  they'peculiarly  deaeire 
ilttention  in  the  details  of  physical  geograj^y,  fh>m  the  in*, 
iamate  relation  which  they  bear  to  the  two  great  agents  trf* 
imture,  electridty  and  magnetisuL     Our  knowledge  of  facts 
is  too  limited  for  enabling  us  to.discuss  with  advantage  the 
bold  hypothesis  of  some  Danish  and  German  natumlists, 
Hrho  pretend  to  form  from  analogical  conjectures  a  theory 
of  the  electrical  and  magnetic  phenomena  observed  in  me- 
tals, and  who  hare  even  ventured  to  draw  from  it  the  ooii«. 
elusion,  that  the  solid  centre  of  the  globe  was  a  metallic 
mass,  all  the  mineral  substances  in  which  were  only  oxides  ^ 
This  theory^  unsatisfactory  and  defective,  notwithstanding 
of  all  the  attempts  to  support  it  by  vague  analogies^  acquires, 
indeed,  some  interest,  from  its  approximating  to  thie  results 
of  Sir  H.  Davy^s  new  experiments,  which  seem  to  indicate 
the  metallic  nature  of  a  number  of  substances  in  appearance 
ektrthy  and  alkaline.     We  must  wait  the  ulterior  progress 

*  Steffinis,  Histoixe  Int^rieure  de  la  Nature.  ScheUiog,  Theorie  de  rUniven. 
Id.  Journal  de  Physique  SpeculadYe,  i.  cah.  2.  Ritter,  le  Sid^iisme,  etc. 
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of  these  interesting  researches,  before  we  can  apply  them  to 
explain  the  theory  of  the  earth.  But  all  philosophers 
should  agree  in  considering  the  bearings  and  position  of 
metals,  as  a  subject  worthy  our  most  careful  and  persevering 
researches.  Physical  geography  indispensably  requires  that 
a  subject  of  this  nature  should  constitute  one  of  its  depart- 
ments ;  and  if  we  devote  to  it  a  certain  portion  of  our  pages, 
our  readers  will  perceive,  in  the  progress  of  our  work,  Uie 
advantages  which  are  thus  afforded  us,  even  in  the  study  of 
political  geography.  We  shall  class  metals  according,  to 
their  specific  gravity. 
Plstina.  Platina  remained  unknown,  or  neglected,  until  1736. 

Don  Ulloa,  a  Spanish  geometrician,  who  accompanied  Con- 
damine  and  Bouguer,  in  their  voyage,  to  measure  a  degree 
at  Peru,  having  found  this  metal  there,  announced  the  dis^ 
covery  of  it  in  the  relation  of  his  voyage.  Platina  as  yet 
has  been  found  only  in  the  gold  mines  of  America  ^  parti- 
cularly in  those  of  Santa  Fe,  near  Carthagena,  in  Castille 
d'^Or,  and  in  the  mines  of  Choco,  in  Peru.  It  is  brought 
to  us  in  little  grains,  mixed  with  gold  dust,  ferruginous 
sand,  and  some  particles  of  mercury.  That  which  has  been 
brought  into  Europe,  contains  three  or  four  extraneous 
minerals^.     It  is  the  least  fusible  of  all  the  metals. 

To  melt  it  into  ingots,  it  is  mixed  with  arsenic,  a  sub- 
stance which  renders  the  platina  very  fusible,  and  from 
which  it  is  afterwards  easily  separated  by  roasting.  But 
this  process  exposes  the  workmen  to  vapours,  the  danger  of 
which  is  unfortunately  too  well  known.  It  is  of  platina 
that  those  rods  are  made,  that  have  been  employed  in 
measuring  the  base  of  the  chain  of  triangles,  whenpe  has 
been  deduced  the  length  of  the  arc  of  the  meridian  which 
traverses  France,  and  by  consequence,,  the  distance  from  the 
equator  to  the  northern  pole. 
Property  of  This  metal  has  been  chosen  for  such  purposes,  because  it 
^^a^o^      is  little  susceptible  of  dilating,  or  contracting  from  the  va- 

^  It  is  also  fouod  in  Estramadura  in  Spain.— T. 

« FourcToy  et  Vauquelin,  Annates  du  Museum,  tome  iii.  p.  149 ;  tome 
if.  p.  77.  tfq. 
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mtions  of  temperature.  Its  dilatation,  according  to  Borda, 
is  only  jj^^x^^  for  one  degree  of  the  centigrade  thermome- 
ter, or  ttW  for  a  degree  of  Reaumur.  Whilst  a  rod  of 
iron  dilates  gxT?"*  ^'^^  ^  centesmial  degree,  and  rrhrw  for  a 
degree  of  Reaumur  ^. 

Gold  is  only  found  in  its  native  state,  that  is  to  say,  al-  Gold,  its 
most  pure.     It  exists  in  all  kinds  of  earth.     It  is  found  in^^''^'''** 
little  beds  in  the  piimitire  mountains  of  gneiss,  and  of 
micaceous  schist,  in  the  country   of  Salzbourg,    and  in 
Camiola ;  it  occupies  veins  in  the  mountains  of  sienite  and 
porphyry  near  Eremtiitz  in  Hungary,  in  the  secondary 
rocks  of  argillaceous-quartzous  schist,  or  even  of  sandstone, 
(gres^)  at  Zalatna  in  Transylvania,  and  in  an  ar^Uaceous 
free  stone,  (gr^s  argUeux  *)  not  far  from  Ekaterinbourg  in 
Siberia ;  thus,  says  Werner  ^,  this  metal  has  been  formed  in 
very  different  periods.     It  is  also  proved  by  the  experi- 
ments of  Sage,  BerthoUet,  Rouelle,  Darcet  and  Deyeux  ^, 
that  there    are  particles   of  gold,  existing    in  vegetables. 
BerthoUet  has  extracted  about  2  grammes,    ^^^  or  40 
grains  ^'^  of  gold,  from  489  hectogrammes,  or  a  quintal  of 
ashes.     Werner  assures  us,  that  at  Zalatna,  native  gold 
has  been  found  in  half  petrified  wood,  or  rather,  says  he, 
in  bituminous  wood  \ 

The  mine  of  gold  which  is  in  Norway  is  poorer  than  Geognphi- 
that  in  Sweden;  those  of  the  north  produce  altogether ^^^  "J^*^"** 
scarcely  the  twentieth  part  of  the  quantity  furnished  by 
that  of  Nagyi^  in  Transylvania,  or  that  of  Kremnitz  in 
Hungary.  But  what  indeed  are  all  the  gold  mines  of 
Europe,  taken  together,  in  comparison  of  one  single  mine 
in  Peru  or  Brazil  ?  In-  going  from  La  Paz,  towards  Potosi, 
and  Tucuman,  all  the  beds  of  clayey  schist  are  found  pene- 


'  Or  aboat  37^279  according  to  the  scale  of  Fahrenheit    One  degree  itf 
Reaumur  being  supposed  equal  to  2\  of  Fahrenheit— T. 

*  Grit  sometimes  means  flint  or  silicious  bubstances,  and  sometimes  is  trans- 
lated free-stone.    The  context  must  determine  which  it  designate8.<i~T. 

'  Werner,  Nouvelle  Th^erie  des  Filons,  §  77. 
f  Cbaptal,  EUmens  de  Chimie,  tom.  iii.  p.  401. 

*  Th^orie  des  Filons,  loc.  cit 
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trated  with,  veins  of  auriferous  quartz;  Mid  the  faUiif  1^ 
shelf  of  rock  dkoovers  Hiasses  of  goid  from  ^  to  300  poiuuls 
in  weight  K  The  islands  of  Borneo,  of  Celebes,  or  Macas* 
sar,  and  of  Sumatra^  situated  under  the  equator,  oontaki 
very  rich  mines  of  gold,  though  badly  wcwrked^. 
Sands  pro-  Eutope  has  also  rivers,  which  ca^ry  aloi^  with  them 
ducing  soine  grains  of  gold ;  but  in  Africa,  in  seardiing  along  the 
rivers,  we  iSnd  almost  every  where  auriferoud  sand.  In 
Nigritia,  the  natives  are  regularly  employed  every  year  in 
this  golden  harvest,  after  having  fimsbed  Uiat  of  the  oprm 
Near  Atdm,  upon  the  coast  of  Guinea,  one  perscm  may  pick 
up  several  ounces  a  day.  This  inoreasiag  abundance  of 
one  (if  the  most  wengfaty  and  dense  metals,  as  we  approach 
the  equator,  presents  toxis  a  question,  as  inleresting  as  it  is 
difficult  to  solve. 

* 

Quality  of      '^^^  valuable  qualities  of  goLd  render  k  worthy  of  the 
8^^^'  rank    which  opinion  has  assigned  to  it  amongdt  metals^ 

Less  brilliant  than  platina,  it  has  a  colour  more  agree* 
able  to  the  eye.  Thus,  the  poets  have  not  failed  to  ^ve 
golden  locks  to  ApoUo ;  to  Jupiter  a  throne  of  gold ;  Vul- 
can employs  gold  to  forge  a  buckler  for  Achilles;  in 
f(hort,  in  the  form  of  an  adjective,  the  words  gold  smd  beau- 
ty are  synonymous  amongst  the  Greeks.  Tractable  in  the 
hands  of  art,  from  its  great  rductiUty,  gold  assumes  every 
form  which  we  wish  it  to  acquire.  The  goldsnuth,  the 
jeweller,  the  embroiderer,  and  the  ^Ider,  en^loy  it  with 
equal  facility.  It  is  capable  of  the  most  astonishiQg  su- 
perficial extension,  thus  making  up,  in  some  measure,  for 
its  scarceness,  by  its  ductiUty.  A,  quantity  of  gold,  of  the 
weight  of  one  grain  (5S  milligrammes)  can  be  beaten  out 
into  a  sheet,  the  surface  of  which  will  cover  SO  square 
inches,  or  3-^^%  square  decimetres ;  and-when  used  in  the 
Riding  of  silver  wire,  its  extension  is  nearly  sixteen  times 
greater.  The  tenacity  of  gold  is  such,  says  Haiiy,  thai 
one  thread  of  this  metal,  of  g^'Jy  millimetres,  or  \^^  of  an  inch 

*  Helm,  Joumal  d*un  Voyage  de  Buenos- Ayres  a  Lima,  (en  AIL)     ., 
^  Mem.  de  la  Soci^t6  de  Batavia,  ii.  166,  iv.  589,  etc. 
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in  diaimcter,  ctn  support  a  weight  of  244/^  kilogrammes,  or 
500  poumh,  without  breaking.  As  gold  is  very  soft,  it 
must  be  mixed  with  copper,  when  coined  into  money.  This 
ftUoy  gives  it  a  reddish  tinge.  Gold  acquires  a  resinous 
dectricity  *. 

Native  silver  is  rarely  found  pure  in  the  bosom  of  the  save?, 
earth ;  it  is  sometimes  mixed  with  copper  and  iron,  and 
sometimes  with  gold,  but  more  frequently  with  arsenic. 
The  same  province  of  South  America  which  possesses 
the  richest  gold  mines,  namely,  Peru,  ccmtains  also  great 
treasures  of  silver. 

The  mines  of  Potosi  produced,  from  the  year  1546  toQeognphi- 
1648„  about  896,619,000  piastres,  but  they  are  exhausted,  ^^«*«^ 
In  North  America,  Mexico  abounds  in  silver,  about  SSmetaL 
millions  of  piastres  being  derived  from  it  every  year  ^. 
Silver  is  apparently  diffused  throughout  the  whole  ex- 
tent  of  the  old  continent ;    but  the  mines  which  are  now 
best  known,  are  almost  all  found  in  the  temperate  zone 
of  the  North.     Those  of  Siberia,  of  Saxony,  and  of  Hartz, 
are  at  the  dOth  degree  of  latitude— those  of  Eonigsberg  in 
Norway,  at  the  60th  degree.     The  produce  of  these  mines, 
however,  is  trifling,  compared  to  the  mineral  riches  of  Amerir* 
ca,  which  are  contained  within  the  two  parallels,  distant  thir- 
ty degrees  from  the  equator.      We  are  ignorant  whether 
Africa  possesses  mines  of  silver  equal  to  those  of  the  New 
World. 

Silver  is  found  in  quartz,  limestone,  sulphurated  zinc.  Its  pondon. 
and  soihetimes  in  petrosilex  "* ;  it  is  rarely  met  with  in 
granite  rocks.  At  Frankenberg,  in  Hesse,  leaves  of  native 
silver  are  found  adhering  to  petrifactions*'.  This  metal 
exists  in  grains  (though  rarely)  in  a  thread-like  form, 
in  thin  laminde,  in  ramifications,  in  octahedral  crys- 
tals, and  sometimes  in  very  considerable  masses.  We  are 
assured,  that  oiie  was  found  at  Schneeberg,  in  Saxony,  in 

'  Haiiy,  Annales  du  Maseum.  iii.  309.  sqq. 

"  Humboldt,  Essai  Politique  sur  la  Nouvelle  Egpagne. 

"  fiefgmami,  G^graphie  Pfaysique,  i.  206. 

•  Wemcr,  NouveUc  Theorie  des  FUons,  §  78  et  79. 
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1746,  which  weighed  400  quintals,  or  196  kilogrammes  i^* 
Another  mass  was  found  at  Eonigsberg,  of  the  weight  of 
560  marks,  (about  270  kilogrammes,)  and  is  preserved  in 
the  Uoyal  Museum  at  Copenhagen.  Bergmann  says,  that 
there  has  been  found  in  the  sands,  upon  the  coasts  of 
Peru,  masses  of  150  marks  of  silver  entirely  pure. 
Quality  of  Silver  is,  next  to  gold  and  platina,  the  most  unalterable 
"^'^^^'  of  the  metals — its  surface  only  blackens  in  those  places 
where  there  are  sulphureous  and  inflammable  vapours.  It 
is  remarkable  that  silver,  alloyed  with  a  considerable  por* 
tion  of  gold  or  copper,  preserves  its,  white  colour ;  whilst 
a  small  quantity  of  silver  or  copper,  mixed  with  gold,  chan- 
ges very  sensibly  the  colour  of  this  latter  metal.  This  phe^ 
nomenon,  common  to  all  white  metals,  made  Newton  "ima- 
gine, that  the  particles  of  white  metals  have  much  more 
surface  than  those  of  yellow  metals,  and  that  they  are  even 
very  opaque;  so  that  they  cover  the  gold  and  copper, 
without  permitting  the  colour  of  these  metals  to  pierce 
through  theirs.  They  ought,  on  the  other  hand,  to  be 
more  thin,  because  the  white  light  which  they  reflect,  an- 
swers to  a  greater  degree  of  tenacity,  than  the  yellow  of 
gold  of  copper  «.  AcccM'ding  to  the  experiments  of  Brisson, 
and  the  calculations  of  Haiiy',  the  specific  gravity  of  a 
mixture  of  gold  and  copper,  exceeds  the  sum  of  the  specific 
gravities  of  the  two  metals  when  separate  about  ^\.  On 
the  contrary,  the  specific  gravity  of  a  mixture  of  silver  and 
copper,  is  less  than  the  total  of  the  specific  gravities  of  the 
two  metals,  by  about  ^^.  Another  physical  quality  of  sil- 
ver is  still  more  worthy  of  our  attention,  the  property 
which  it  has,  when  dissolved  in  nitric  acid,  of  crystallizing 
under  a  kind  of  vegetable  or  arborescent  form,  producing 
what  is  called  the  tree  of  Diana.  It  would  seem,  that  the 
crystals  of  which  this  kind  of  mineral  vegetation  is  com- 
posed, may  be  considered  as  small  magnetic  rods,  whose 
poles;  by  attracting  and  repelling  each  other,  determine 

p  Haiiy  Mineralogie,  vol.  iiL  p.  366.  note  2. 

1  Newton,  Optice  Lucis.  Hb.  ii.  part  S.  ptopotit.  7«  * 

'  Hatty,  Mineralogie.  torn,  iiL  p.  390  et  390. 
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their  respective  positions  '•  Silver,  thoqgk  less  rave  than 
-  gold,  ha&been  preferred  to  that  metal,  as  a  representative 
•  of  value ;  the  resistances  which  it  opposes  to  the  action  of 
the  air  and  humidity ;  its  brilliant  whiteness,  and  its  mallea- 
bility, render  it  applicable  to  a  multiplicity  of  purposes 
both  useful  and  ornamental,  which  are  too  well  known  to 
require  enumerati<Mi. 

Sulphate  of  silver,  that  is,  silver  combined  with  about  f  Sulphuicu 
oi  sulphur,  commonly  bears  the  absurd  name  of  (mine  ctar- 
g$nt  vitreuse)  vitreous  silver,  though  it  has  not  even  the 
exterior  appearance  of  glass.  Antimonial  sulphureted  sil- 
ver is  commonly  called  red  silver,  and  the  fine  lively  red, 
which  is  the  essential  colour  of  it,  justifies  the  name.  The 
trtesparent  crystals  c£  this  metal  form  not  a  bad  imita- 
tion of  the  ruby ;  the  more  beautiful  they  are  the  less  sil. 
ver  they  contain. 

Native  marcury  is  generally  found  in  brilliant  and  movfr-  Mionwy, 
able  globules,  disseminated  in  the  clayey  schist,  as  at  Idria 
in  Friuli,  or  rather  in  Camiolia;  in  marl,  in  quartz,  as  in 
the  district  of  Deux  Fonts,  and  in  primitive  lime-stone, 
^  at  Almaden  in  Spain.  This  metal  requires  so  little  heat 
for  its  fusion,  that  the  atmosphere  always  contains  enough 
•to  preserve  it  in  the  fluid  state.  The  cold  of  Siberia,  Iiow* 
ever,  and  of  Northern  Russia,  sometimes  converts  it  into 
.the  solid  form,  which  has  been  erroneously  considered  as 
congelation,  it  is  then  almost  as  malleable  as  tin  S  and  ad-its^mgdn. 
mits  of  being  extended  into  very  thin  sheets  ~ :  besides,  its' 
oxide  repasses  to  a  metallic  state,  without  the  intervention 
of  any  foreign  substance.  It  possesses,  then,  the  essential 
qualities  of  metals,  and  approaches  the  nature  of  those  that 
are  the  most  perfect.  Mercury  amalgamates  with  almost 
all  metallic  substances,  but  chiefly  with  gold,  silver,  tin, 
and  bismuth ' ;  it  is  this  property,  joined  to  the  facility 

■  Bitter,  Mkeoins  sat  le  Galvaniime,  i.  onb.  8.  p.  2S0. 

<  Ba^gQann,  Q4of^  Fhyi.  L  227.  Compw  Hacfaette  et  HaMcnfiaU,  ^daos  !• 
Jomnal  de  TEcole  Polytechnique,  i.  oh.  p.  123.  et  suiv. 

"  Bnuo.  Comment.  Peirop.  novi  zi  p^  26S.  Bl^en>  Phi]oeophi  Tzan-* 
«wt.  H88.  voL  luiu.  p.  329. 

«  Gellert.  Frindpci  de  Chimie  Docmuwtiquei  152,  (en  Ail.) 
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with  wbick  it  evapora^s,  that  causes  H  to  be  employ^  ia 
gilding,  and  in  working  minea  of  gold  and  dilver.  The  sil« 
yering  qF  glass  is  effected  by  amalgam  of  mercury  and  tin. 
Philosophers  make  use  of  the  same  amalgam  to  spread 
upon  the  rubbers  of  electric  machines.  The  efficacy  of 
medicines  formed  of  pxides  of  marcury,  is  entirely  owing  to 
the  facility  with  which  these  oxides  are  decomposed  by 
parting  with  their  oxygen.  All  these  physical  and  che- 
mical qualities  shew  what  an  important  part  me^ury  would 
act  in  the  formation  of  our  earthy  if  it  there  existed  in  great 

Qeognphi-  quantities.    At  present,  this  metal  is  found  only  in  very 

pf  mocacy.  SDoall  portions,  and  at  great  distances — ^it  seems  to  fail  in 
countries  in  the  vicinity  of  the  arctic  pole.  The  whole  of 
Siberia  presents  to  us  only  two  or  three  ambiguous  sp^- 
mens  ^.  The.  New  Continent  is  not  more  abundantly  pro- 
vided with  it.  The  natural  amalgam  of  mercury  apd  »lver, 
is  called  silvery  mercury.  It  remains  for  us  only  to  notice 
the  sulphuret  of  mercury,  well  known  under  the  name  of  cin- 

Cmnabttr.  mtbar,  or  vermilion  cinnabar,  and  which  is  sometimes  found 
in  regular  veins. 

Lead.  An  ignoble  metal  claims  the  rank  next  to  mercury^ 

that  is,  lead,  a  substance  of  very  dense  structure,  but  ex- 
tremely deficient  in  point  of  hardness,  elasticity,  and  even 
ductility.  It  is,  however,  of  great  utility  in  its  metal* 
lie  state ;  conduit  pipes,  balls  for  guns,  and  other  plain 
and  coarse  implements  are  made  of  it ;  and  the  oxides  of 
lead  are  employed  in  many  of  the  arts.  It  is  lead  which 
gpvcs  to  glass  an  unctuosity  which  renders  it  susceptible  of 
being  easily  cut  and  polished.  It.  is  to  lead,  or  to  its  red 
oxide,  that  glass,  called  flint  glass,  owes  the  quality  which 
renders  it  so  valuaUe  for  the  ccmstruction  of  the  object 
glasses  of  achromatic  teLe6copes,-*»the  quality  of  divesting 
die  images  of  those  colours,  with  which  they  appear  to.  be 
edged  when  we  view  them  through  a  conunon  telescope. 
The  oxides  of  lead  famish  a  variety  of  colours  both  to  the 
pallet  of  the  painter,  and  the  toilet  of  the  modem  Lms. 

■  m 

y  Geoxgiy  Description  de  la  Russie,  iii.  409. 
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^his  metal  is  generdly  found  mineralized  by  milphur,  Position  of 
fc»nmng  an  ore  commonly  .called  galena,  which  is  almost  l^*^ 
always  mixed  With  iron,  with  antimony,  and  especially  with 
diver.     This  cA^  is  generally  worked  only  for  the  purpose 
of  extracting  from  it  the  olver  it  contains.     Werner  speci- 
fies sevelfiteen  formations  of  galena  of  different  periods,  in 
alt  sorts  df  rocks,  from  the  quartz  to  pit-coal  K     There  are 
no  kind  of  mines  more  common  in  Europe.     The  kind 
of  galena  which  contains  silver,  is  met  with  in  Danish  La- 
ponia.     But  l^ad  is  not  found  in  abundance,  any  where  in  Geographi- 
the  North  of  fiurope,  or  Asia.  It  begins  to  discover  itself  in  8^,^ 
great  quantities,  only  in  Grermahy,  France  and  England.  We 
are  insured  that  in  the  interior  of  Louisiana,  it  forms  vast 
beds^upon  the  stirface  *.  Carbonate  of  lead,  or  mineral  white 
lead,  oflten  accompanies  gal6na ;  it  is  an  oxide  mineralized 
by  carbonic  acid.  Molybdate  of  lead,  or  the  oxide  mineralized 
by  inolybdic  acid,  is  found  at  Bleyberg  in  Carinthia ;  it  ge- 
nerally bears  the  name  of  yellow  lead.     The  red  lead  of 
Bere^df  in  Siberia  is  mineralized  by  the  chromic  acid.     It 
is  still  doubtful  whether  there  exists  any  lead  in  the  natire 
stitte. 

Nidcel  is  not  a  very  ductile  metal.;  it  is  of  no  use  in  the  Nickel 
arts,  but  it  possesses  some  magnetic  properties  \  It  gene- 
Irally  accompanies  cobalt,  an  equally  magnetic  substance ; 
these  two  metals,  of  a  nature  nearly  allied  to  that  of  iron, 
and  often  containing  particles  of  it,  seem  to  occiir  most 
plentifully  in  the  north. 

Copper,  one  of  the  metals  of  whidbi  nature  ii  most  lavish,  Coppa ;  itM 
appears  to  occupy  two  great  re^ons  of  the  globe  which  txteosioii, 
admit  of  being  distinctly  defined.  We  know  that  it  abounds 
in  Norway,  in  Sweden,  in  Hungary,  in  England,  in  the  Ura. 
lian  mountains,  throughout  all  Siberiai  in  Chinese  Tartaf)r, 
and  Japan.  We  must  also  addj  that  several  islands  betiveen 
Xamstchatka  and  America  produce  masses  of  native  cop* 


*  WMDer,  Thioriedes  Filons*  p.  15S-161  (en  AH) 
■  See  Dtaaxptixak  de  la  Louitiane. 

^  £xp6rience8  des  fiiot,  dt6  dans  le  Tableaux  dei  Espkei  Mineral  dt  La- 
m»t  p.  297.  Gomp*  HaUy,  MinMlii  ui*  512. 
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per^;  that  immense  beds  of  it  are  found  upon  the  banks  of  the 
Ohio'';  and  lastly,  that  there  have  been  ingns  of  its  exist- 
ence in  Greenland,  and  in  Iceland  ^  This  metal  then  seems 
to  be  common  to  all  the  countries  situated  in  a  zone  of 
about  45  degrees  of  latitude,  around  the  northern  pol^. 
But  it  is  found  on  the  other  ^de,  over  all  the  south  of 
Afiica,  from  Congo  ^  to  the  Cape  of  Grood  Hope  «,  and  ao- 
cording  to  Beniouski  in  Madagascar.  The  southern  ex- 
tremity of  America  appears  also  to  contain  ccHmderable 
mines  of  it  ^;  and  Brazil  presents  to  our  notice,  an  in^mense 
block  of  it  in  the  native  state.  It  appears  then,  that  tbjifi 
mineral  is  accumulated  at  the  two  extremities  of  the  two 
great  continents.  We  must  at  the  same  time  admit,  tha;t 
this  interesting  sketch  may  meet  with  objections,  drawn 
from  the  existence  of  extensive  mines  of  coj^r  in  the  coun- 
try of  Morocco  *;  in  the  island  of  CypiTis,  and  Turkish 
Armenia,  mines  which  by  connecting  together  the  two  rer 
gions  that  have  just  been  pointed  out,  compel  .us  to  regard 
copper  as  a  substance  common  to  all  the  zones  of  our  pla- 
net. 
Position  of  With  respect  to  native  copper,  naturalists  agree  in  dis- 
tinguishing two  different  formations ;  coppa:  of  the  first 
formation  is  in  crystals,  in  thin  plates,  in  threads,  in  clus- 
ters, which  are  commonly  found  attached  to  .quartz,  or 
schist,  and  sometimes  primitive  limestone,  as  is  the.  case  near 
Ekaterinboiu'g  in  Siberia,  and  at  Tunaberg  in  Sweden. 

The  copper  of  cementation  is  of  more  recent  formation  ; 
it  is  obtained  from  sulphate  of  copper,  (commonly  called 

*  Geoigi,  Ausde,  424  Sauer.  etc. 

^  MidiBuzy  Voyages  aux  Itats  de  rOaest 

*  In  almctt  all  his  descriptions  of  mines  either  of  metals  or  coals,  M.  Malte- 
Brun  seems  to  forget  there  is  such  a  country  as  England,  remarkable  for  its 
mines  of  tin,  lead,  iron,  copper,  and  coals.  At  the  time  when  he  wrote,  it  waa 
the  &shion,  if  possible,  to  forget  it-~T. 

'  Lopez.  Belazione  di  Congo,  p.  14.  Cavazzi.  trad,  de  Labat  i.  S5. 

K  Spannaun,  Voyage,  £96.  (en  All.)  Patterson,  Barrow,  etc,  etc. 

>  Vidaure,  Istoria  Geografica  di  ChilL 

)  Hcesty  Noti9es  de  Maroc.  (tnd.  du  Dan.  en  AIL)  p.  310.  Chenier.  ete^ 
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Titriol,)  held  in  solution  in  water,  and  decomposed  by  the 
flipplication  of  beat.     It  forms  concretions  upon  different 
stony  substances,  and  even  upon  organic  bodies.    Wat^fs' 
imiM-efimated  with' particles  of  copper,  are  called  cementatorv  Cementa- 

^  A  ^  *!.  ^  ^1  .        ■  /  tory  waters. 

waters.     Amongst  the  ores  of  copper,  the  most  common  is 
the  pyrites  of  copper.     In  the  mines  of  Eopparberg  in 
Sweden,  of  Roeras  in  Norway,  in  those  of  Siberia,  and  in' 
general  in  all  the  great  copper  works,  this  metal  is  prin-'.. 
cipally  obtained  from  pyrites  df  a  yellow  or  iris  colour,  in 
which  it  is  found  mineralized  by  iron  and  sulphur.     The 
grey^oloured  copper  contains  silver,  antimony,  lead,  sul-^ 
phur,  &c.    The  sulphuret  of  copper,  or  copper  combined 
principally  with  sulphur,  has  a  vitreous  appearance.   In  the 
Btate  of  oxide,  copper  assumes  various  tiats,  red,  blue,  or 
green.  The  rilky  or  pearly  carbonate  of  copper,  (the  satin* 
like  ore  of  Bergmann,)  presents  a  green  colour  like  an  eme- 
rald, softened  by  a  sort  of  satin  lustre,  which  has  the  effect 
of  giving  it  a  more  beautiful  appearance.    This  same  cop- 
per, in  a  state  of  concretion,  forms  the  substance  named 
malachite,  which  is  susceptible  of  a  fine  polish,  and  of  which  Malachite* 
the  cheeks  of  chimneys,  snuft'  boxes,  and  various  trinkets 
are  made.    It  is,  to  use  the  happy  expression  of  M.  Haiiy, 
the  alabaster  of  metallic  substances  \ 

As  it  is  the  province  of  political  geography  to  treat  of  Q"^*'*"*^ 
manufactories  which  have  the  workpg  of  metals  for  their  ^^^' 
object,  we  shall  be  pardoned,  we  trust,  if  we  mention  in  a. 
few  words  the  eminently  useful  qualities  of  copper.     This 
mineral,  while  it  is  much  more  ductile  than  iron,  is  also 
more  durable  than  tin  and  lead.     Its  tenacity  is  such,  that 
one  wire  of  copper  of  8,7  millimetres,  or  y^^  of  an  inch  dia* ' 
meter,  can  sustain  without  breaking,  a  weight  of  146  kilo- 
grams, or  about  820  pounds  English.     The  useful  quali- 
ties of  copper  are  partly  balanced  by  its  very  changeable 
nature.     Exposed  to  the  air,  or  to  damp,  it  is  very  soon 
covered  with  that  rust  known  under  the  name  of  verdigris, 
which  is  one  of  the  most  active  poisons  :  When  melted  and 

"  HaUj,  Min^ralogic,  iu.  S1$. 
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refined,  it  is  called  purified  or  rose  oopper^  whidk  is  lefMi 
dense  than  native  eopper.     What  we  call  yellow  copper^  w 
hra^,  i$  a  compouiid  of  cc^per  and  zinc,  which  la  obtained 
by  the  eementatipn  of  eoppev  with  calamioe  \  and  which, 
f^Qin  being  less  suabgeet  to  rust,  famishes  the  waitefaraflker, 
the  mechanical  philosopher,  and  the  geometmian,^  with  so. 
iMny  inslruments  of  general  use,  exq>uisitely  delicate  la 
their  workmaiiship,  and  at  the  same  time  of  gneat  duraUli- 
ty.     But  if  the  two  metals  are  directly  united  by  fusb% 
the  mixture  takes  the  names  of  pinchbeck,  tombac,  and 
gold  of  Manheim.     The  brass  dilates  ^^^,  tor  every  de- 
gree of  Beaumur,  and  ^^J^^j,  tor  every  degree  of  tLe  oen- 
trigrade;thermometer°^.     The  specific  gravity  of  brass  is 
about  ^^  more  than  the  sum  of  the  two  specific  gravities  of 
Bronze,      copper  and  zinc.     Bronze  is  made  by  uniting  a  certain, 
quantity  of  tin  with  copper ;  it  is  more  elastic  and  sonorous 
than  pure  copper.     It  is  this  compound,  that  is  to  say,  the 
perverted  use  of  it,  which,  following  the  steps  of  the  coiv 
queror,  hurls  forth  the  thunderbolts  of  war  against  peace- 
fell  nations.     It  was  of  bronze  that  the  gemira  of  ^he  Greeks 
fashioned  the  august  imi^es  of  their  gods,  and  the  cherished 
features  of  the  benefactors  of  the  earth.     Without  the  aid 
of  copper  and  iron,  man  could  neither  have  attained  his 
present  height  of  civilization,  nor  haive  k^t  to  crime  the 
destroying  energy  of  the  infernal  powers.     But  let  us  re- 
turn to  the  subject  immediately  before  u& 
Cobalt.  Cobalt,  which  partakes  with  oxidated  iron  a  magnetic 

property  in  a^  eminent  degree,  seems  to  be  of  two  formar 
tiona  of  different  i^ges.  The  white  cobalt  of  Werner,  (or 
grey  cobalt  of  Haiiy,)  is  frequ^ently  found  in  veins  in,  the 
secondary  mountains  of  Hesse  and  Tburingia.  The  arse- 
nical cobalt  of  Haiiy,  which  Werner  calls  shining  cobalt, 
exists  only  in  the  primitive  rocks,  and  is  accompanied  by 
quartz  and  primitive  lime-stone.     This  mineral  is  employ^ 

1  Cahmine  is  the  ore  which'fornishes  zinc  in  gxeate$t  «bi2ndaDce.««iT. 
"  Borda^  cite  pu  HaUy,  Ibid.  p.  626. 
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ed  to  miike  a  fine  blue  glsss,  namied  smalt,  whicb,  in  a  |>ul- 
^tefized  state,  is  known  under  the  name  of  Saxon  blue''. 

Tin  is  of  a  formation,  wbieb,  according  to  a  celebrated  Tin. 
nmiendo^st,  carries  us  back  to  one  of  the  remotest  periods 
m  die  history  of  the  gksbe ;  it  has  nevet  been  found  in  se- 
condary mountains ;  it  exists,  however,  he  says,  in  all  por- 
phyries. The  singular  manner  in  which  tin  mines  are  dis- 
tributed upon  the  surface  of  the  globe,  appears  to  us  to  be 
extremely  remarkable.  This  metal  is  found  in  Cornwall  in  Geogr^ihi. 
England,  in  Saxony,  in  Bohemia;  it  is  scarcely  ever  met ^ 
with  in  other  parts  of  Europe ;  it  entirely  disappears  when 
Ire  penetrate  into  the  interior  of  the  ancient  continent,  and 
does  not  again  discover  itself  till  we  reach  the  peninsula  of 
India,  on  this  side  of  the  Gai^ges  ^,  whence  its  mines  ex« 
tend  to  the  peninsula  of  Malacca,  and  to  the  islands  of 
Sumatra,  Banca,  and*  Japan.  Africa  and  South  America 
produce  but  little  of  it.  The  tin  which  is  used  in  the  arts 
for  coating  glass,  for  solder,  for  farming  utensils,  and  for 
die  composition  of  scarlet,  possesses  the  singular  property 
of  rendering  uKwe  hard,  and  more  sonorous  the  metals  with 
which  it  is  mixed,  although  by  itself  it  is  deficient  in  these 
two  qualities.  At  the  same  timcj  it  takes  away  ductility  Qi 
from  metals  possessing  that  quality  in  a  high  degree,  while 
it  does  not  diminish  the  ductility  of  the  less  ductile  metals  ^ 

Iron  is  profusely  distributed  throughout  nature.  It  en-  In^ 
ters  dtfaer  as  a  colouring  or  a  combining  principle  into  a 
great  number  of  mineral  substances ;  it  is  a  stt^ger  neithet 
to  vegetables,  whose  tints  it  enlivens,  nor  to  animals,  upon 
whom  it  exerts  a  salutary  influence.  As  an  insulated  sub- 
stance,  it  is  found  in  almost  every  part  of  the  ancient  con- 
tinent ;  it  is  however,  more  common,  or,  at  least,  accessible 
to  our  researches  in  the  north  temperate  aone,  particularly 
towards  the  northern  part  of  it. 


>  Wemer,  Th^oitt  des  Filons,  di.  vii.  9  76. 
•  Wahl,  Oitindien,  li  746.  (en  AH) 

p  Hinmnn,  fiistoiy  of  Ixod>  §  146>  p.  493*  (in  German.)    Bognuuui, 
Ppuic  Pbjii  iL  471. 
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Geognphi. .  What  an  immcSMe  quantity  cf  iro&  is  contained  in  tfae 
ni  extent  mouQtging  of  Scandinavia  alcme  !  The  mountain  of  Taberg, 
to  the  south  of  Sweden,  presents  only  one  entire  mass  of 
this  mineral.  The  north  of  Asia  equally  abounds  in  iron  ; 
the  imperfect  accounts  which  we  have  received  of  Canada^ 
and  the  northern  parts  of  the  United  States,  inform  us  that 
these  regions  are  provided  with  excellent  iron,  though  cop« 
per  appears  to  predominate  there.  Southern  Africa,  it 
would  seem,  abounds  still  more  in  iron,  than  the  places  just 
mentioned  do  in  copper  4.  No  kind  of  rock  or  earth  is  a 
stranger  to  it  It  is  found  in  granite  in  detached  masses, 
in  schist,  in  a  thread*like  form,  in  the  free-stone  in  beds; 
it  exists  in  mud^  and  turf. 
Hathretron.  xhe  great  masses  of  native  iron,  found  in  Siberia  by 
PaUas  %  and  in  America  by  Rubin  de  Cilis  %  have  been 
for  a  long  time  considered  by  most  naturalists  as  produc- 
tions of  art,  or  of  volcanic  agents.  Wallerius,  in  stating 
that  native  iron  is  found  upon  the  borders  of  Senegal,  has 
merely  copied  from  ancient  travellers,  whose  narratives 
want  precision.  But,  it  is  an  undoubted  fact,  that  the  sub- 
stances found  at  Kamsdorf  in  Saxony  S  and  at  OuJle  in 
Dauphiny  ^,  are  actually  natural  productions ;  and  why  can*, 
not  nature  present  to  us  iron  in  its  pure  state,  since  it  offers 
it  to  us  under  the  form  of  very  hard  and  compact  steel*  ? 
The  most  ancient  iron  ore,  according  to  Werner,  is  that  of 
magnetic  iron,  which  Haiiy  calls  oxidulated  iron  ;  it  is  to  a 
variety  of  this  ore  that  the  name  of  loadstone  has  been  g^ven. 
We  shall  speak  elsewhere  of  the  phenomena  whidi  this 
substance  presents.  The  grey  or  specular  ore  of  iron,  (the 
oligbte  iron  of  Haiiy^)  abounds  in  Sweden^  in  Norway,  in 

^  GATBZZtyi*  S3.    Tbomann*  113. 

'  Bergmann,  Sdagiapbia,  Edit,  de  Delam^iherie,  iL  153.     'RoBOi^  de  ri8le» 
Cristallog.  iii.  167. 

■  Annales  de  Chimie,  ▼.  p.  149. 

*  Biochant,  Min^ralogie,  iL  217* 

*  Schreiber,  Journal  de  Phyriqoe,  viL  p.  3.  tqq. 

*  Godon  SainLMeniD,  Jownal  de  I^ysiqae,  Iz.  340.  iqq. 
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the  Itlaiid  of  Elba,  at  f  nmlDnt  in  Leg  Yasges;  it  is  tiie 
most  easy  to  work  of  all  the  ores  of  iron*  Sparry  iron  ore; 
is  only  a  carbonate  of  lime,  mpte  or  les^  nnxed  witb  iron ;, 
the  lime  with  which  the  ore  is  coiJltHned  facilitates  the  fu- 
sion. Thfe  ircm  whidi  is  drawn  from  it  is  of  an  excellent 
quality^  and  it  baH  a  yery  great  tendency  to  pass  into  steely 
even  in  the  first  f u^n :  this  is  what  is  called  steel  ore  ^. 
A  kind  y^  generally  distribated,  and  commonly  worked, 
is  that  of  oxidated  iron,  which  comprdiendsy  amongst  others, 
the  hematites,  the  odires,  the  mardal  geodes,  and  particu-, 
larly  the  iron  in  globules,  similar  to  peas  or  ^gs.  The 
metal  obtained  from  oxide  of  iron  in  gbbular  masses,  some- 
times contains  a  certain  quantity  of  jAosphoric  acid,  which 
renders  it  brittle  and  inductile ;  this  is  what  the  French  call 
^fir  coisani  afimij  and  we,  cold  short  iron. 

Sulphuret  of  iron,  which  is  commcmly  named  ip^rtiiil  or  SQlpimict 
{emi^uious  pyntes,  is  one  of  the  most  remarkable  substances^f^^^i^^ 
which  enter  into  the  composition  of  the  globe.    It  is  very,PTn'«- 
extensively  distributed,  being  found  in  quartz^  in  marl,  in 
the  argillaceous  schist  which  lies  upon  coal,  and  it  is  even, 
mixed  with  coal  itself.  In  the  greatest  depths  to  which  man 
has  ever  been  aUe  to  pepetrate  in  the  most  considerable 
mines,  we  continue  to  observe  the  ferruginous  pyrites,  until 
our  progress  is  arrested  by  the  subterraneous  waters'. 
There  is  auriferous  pyrites,  which  although  chiefly  consisting 
erf*  decomposed  sulphuret  of  iron,  is  worked  like  ore  of  gold, 
and  with  the  view  of  extracting  from  it  this  last  metal : 
Such  is  the  method  employed  in  the  gold  mines  of  Berezof 
in  Sibeiia,  of  Adelfors  in  Sweden,  and  others.     The  origin 
of  haematites,  and  ferruginous  ochres,  is  owing^  according 
to  the  opinion  of  the  majority  of  naturalists,  to  the  decom- 
position of  sulphureted  iron,  the  remains  of  which  the  run- 
ning waters  have  carried  alcMig  with  them ;  hence  they  are 
called  transported  minerals,  in  order  to  distinguish  them 
from  other  minerals  which  seem  to  have  been  formed  in  the 


7  Hauy,  u.  180.  ettoiv.  p.  W.  117  et  118. 
*  Heoksly  Pjiitologie,  tnd.  Fxanc  p.  97. 
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$poi  wbtM  they  art  found*    These  transported 


are  of  recent  formalioa,  ooinpaced  wkk  the  aCberg,  and  <»ie 
oan  tasiij  suppose  that  thej  aie  fiNrmed  mety  day. 
Vitriol  of       '^tricd  of  iron  ia  nothii^  else  than  the  solphatoof  iron, 
^"^         whioh  is  generally  procured  ftom  the  decomposition  of  tak- 
pbnreted  iFon.     Sulphate  of  iron,  or  vitriol,  is  of  great  ser<» 
Yice  in  dyeing,  it  is  used  as  the  prineipie  of  blaek  oolonr, 
from  the  property  which  gall  nuts  and  oth^  astringent  ve* 
getaUes  possess,  of  precipitating  ircHi  contained  in  the  \u 
triol  under  Ae  form  of  bkek  particles  of  extreaae  fineness^ 
JEmery.  Einery  is  an  osdde  of  iron,  intimately  nmted  widi  the 

basis  of  alum,  and  urith  silex.  This  sidbstenee  ia  valuaMe  in 
the  arts^  on  account  of  its  great  hardness.  By  bnxismg  it 
in  steel  mills,  it  is  reduced  to  a  powder,  whose  eAarp  and 
hard  particles  can,  by  the  apjdication  c^  friction,  give  a 
polish  to  all  existing  substances,  except  the  ditfnond. 
*^  Iron,^  says  M.  Haiiy  %  <<  sudi  as  nature  produces  it,  ia 
irery'  difiRerent  from  that  whose  a|^pearance  and  use  are  so 
familiar  to  us.  It  is  notMng  but  an  earthy  mass,  a  dirty 
and  impure  rust;  and  even  when  iron  presents  itiielf  to 
us  in  the  mine  with  metalUc  brightness,  it  is  still  very 
far  from  possessing  the  quidities  required  fer  the  multi-' 
phdty-  of  uses  to  which  it  can  be  appHed.  While  man 
need  only  purify  gold,  he  must,  if  the  expression  be  allow-' 
ed,  create  iron.^  This  metal  is  generally  susceptible  of 
three  different  states.  What  is  called  cast  or  pig  iron,  is 
the  metal  after  its  first  fusion,  deprived  of  a  more  or  less 
considerable  portion  of  its  oxygen,  and  combined  with  a' 
part  of  the  carbon  with  which  it  came  in  contact  in  the  cast- 
ing ftimace.  Cast  iron  is  not  yet  rendered  malleable ;  for* 
it  is  peculiar  to  iron,  that  of  the  two  properties  of  fusibility, 
and  ductility  under  the  hammer,  it  can  possess  die  one  only 
at  die  expense  of  the  other.  To  render  iron  ductile,  it  is 
again  submitted  to  the  action  of  a  furnace,  the  elevated' 
temperature  of  which  determines,  by  a  new  exertion  of  b£- 
finities,  the  oxygen  remaining  in  the  cast  iron  to  combine 


with  the  cfurbcm^  whkh  had  been  inoorpoval^  wididieiniD, 
and  thus  to  fona  cavboxdc  acid,  which  conttaiitly  disengages 
itself  from  the  mass.  Iron,  after  this  prooeso,  is  jbund  in 
the  greatest  stale  of  purity  to  whidi  art  can  bring  it :  It  ia 
ihea  exposed  to  the  action  of  a  laage  hammen,  whose  re- 
doubled strokes,  by  bringug  the  asetatlic  particles  into  el». 
ser  contact,  unite  them  more  perfectly  together,  and  voider 
th«  iron  ductile.  It  is.  then  called  fbsgod  iron.  In  this 
Aew  state  it  is  nalonger  fusible ;  and  the  most  violent  beat 
of  our  furnaces  can  at  most  only  soften  it,  and  convert  it 
i^to  a  kind  of  pastes  Forged  iron  placed  in  contact  with 
carbonaceous  substances,  and  again  softened  by  the  action 
of  the  firey  the  moment  it  enters  into  combination  with  these 
substances,  or  rather  with  the  carbon  which  they  coi^ain^ 
is  converted  inio  steeL 

The  opeifttion  of  tempering  which  sted  undergoes  does  SteeL 
not  change  its  nature,  it  only  varies  the  arvangement  and  • 
aggregation  of  its  pardcles;  it  augments  at  once  its  haxdness, 
its  brittleness,  and  its  volume,  and  gives  it  a  coarser  gniinr 
thai^  that  of  steel  not  tempered  ^  Thus  the  difference  be-. 
tween  cast  iron,  foeged  iron,  and  steel,  depends  on  two^ 
principles,  namely*  oxygen  and  carbon :  their  union  consti-> 
ttttes  cast  iron ;  the  absence  of  both,  at  least  in  a  percepti^ 
ble  quantity,  characteriaes  forged  iron ;  and^  in  steel,  car^ 
bon  exists  alone  without  oxygen. 

We  sh^U  say  nothing  of  the  use  of  iron  in  its  three  states ;  Qualitiea  of 
it  is  universally  known.  We  shall  cmly  observe,  that  the"^' 
tenacity  of  iron  is  such,  that  this  metal  seduced  into  a  wire 
of  about  S,7  millimetres,  or  ^'^  of  an  inch  thickness,  can  sup. 
port  without  breaking  a  weight  of  2 10.3  kilognammes,  or  iiSA 
French  pounds.  Iron  is  very  oxidable,  and  it  exerts  a  very 
strong  elective  affimty  to  sulphur.  United  with  silex  and 
alumina,  it  imparts  an  extreme  harcbiess  to  the  rocks  which 
contmn  it.  Thus,  there  is  no  metal  which  allows  itself  to  be 
so  eanly  decomposed,  and  no  metal  forms  a  more  unalter* 


^  Vmdennonde,  MoDge  et  BerthoDet,  Memoiis  de  rActdbnie  des  JSden- 
1781. 
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able  oeme&t.  Its  magnetic  virtue  readily  commimicates  it-, 
self  to  the  other  metals  with  which  it  is  mixed ;  ^^^  of  iron 
makes  copper  magnetic,  j§^  have  the  same  efi^  upon 
tin  \  :  These  physical  qualities  prove  what  aii  important 
part  it  must  have  acted  in  the  formation  nf  those  aggregate 
substances  which  compose  our  globe. 

Zine.  Zinc,  which  forms  the  connecting  link  between  the  ductile 

metal%  and  those  which  are  not  so,  is  found  oxidated,  and  • 
then  it  is  commonly  called  cahmiine,  or  lapis  calminaris. 
There  are  mines  of  it  in  Alsace,  in  Normandy,  near  Aix  la 
Gbapelle,  in  ^lisgaw,  in  Carinthia,  in  the  county  of  Somerset 
'm  England,  and  many  other  jdaces.  Calamme,  according 
to  Werner,  is  not  found  in  the  primitive  rocks.  It  oftener 
occurs  sulphureted,  and  then  the  vulgar  name  of  it  is 
Pseudo-galena,  or  blende.  This  mineral  is  scattered  over 
Swed«i,  Norway,  Saxony,  and  Bohemia,  and  we  may  say 
dmost  every  where.  It  generally  accompanies  galena,  or 
sulphuret  of  lead.  It  is  often  mixed  with  iron,  gold,  and 
aUver.  The  sulphate  of  zinc,  vrbich  is  rarely  a  product  of 
nature,  is  called  ^lite  vitriol,  or  white  copperas.  The 
metal  that  is  brought  from  India,  under  the  name  of  tu- 
tenag,  i%  accor^ng  to  Bergmaan  *,  zinc  in  a  state  of  purity. 
If  the  air  be  admitted  to  zino  when  brought  almost  to  a 
whitp,  the  metal  burns  with  a  splendour  which  nothing  can 
equal,  and  which  is  too  dazzling  for  the  eye  to  support  *. 
This  property  serves  to  characterize  zmc  not  only  amongst 
the  metals,  but  even  amongst  all  combustible  minerals. 

Bismuth.  '  Bismuth,  from  its  great  fusibility,  is  uied  for  various 
metals ;  it  is  found,  according  to  Werner,  only  in  the  pri- 
mitive  mountains ;  it  occurs,  however,  attached  to  jaspen 
Of  all  the  minerals  easily  oxidaUe,  it  is  the  only  one  which 
is  found  more  frequently  in  a  metallic  form,  than  in  that  of 
an  ore  properly  so  called  ^.   . 

?  Rinmann,  Histoid  du  Fer,  i.  p.  146.  (en  AIL) 
•"  Bergmann,  G^  Phys.  i.  233. 
•  Macquer*  Dictionnaire  de  Chimic 
'  BroDgniart,  u.  I3l. 
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Manganese  very  often  acjDompanies  nAies  of  inm,  par-M«DgiBiiob 
ticolarly  in  the  secondaty  mountams ;  it  is  a  €oloimng 
prindpie  very  extensively  distributed  in  nature;  and  it  is 
that  which  ^ves  a  violet  hue  to  the  crystals  offluatedf 
lune,  and  to  a  number  of  the  schorls.  Mixed  in  a  small 
quantity  with  the  substance  of  white  glass,  it  has  the  pro- 
perty of  clarifying  it,  and  of  firedng  it  ftom  false  colours. 

Antimony,  once  celebrated  in  the  laboratories  of  the  al- Antiniooy. 
chymists,  who  hoped  to  discover  in  it  the  philosopher's 
stone,  is  now  employed  with  success  in  the  composition  of 
various  medicines,  in  the  castii^  of  types  for  printing,  and 
as  an  alloy  with  tin,  to  form  what  is  named  princess  metaL 
It  is  {bund  native  in  quartz  and  primitive  lime-^stone ;  suU 
phuneted  or  grey  in  the  secondary  mountains,  and  often  al- 
so united  with  galena.  Capillary  antimony  often  contains 
silver,  and  has  been  called  plumose  silvery  antimonial  ore. 
The  crystallization  of  fused  antimcmy, .  presents  a  steUular 
and  foliated  appearance  ff. 

Scheelin  was,  until  very  lately,  called  by  the  Swedish  name  Scfaedii]. 
Tungstene.   It  is  a  very  weighty  mineral,  obtained  from  a 
ferru^ous  striated  substance,  known  under  the  German 
name  of  Wolfram.     It  is  principally  found  in  the  primitive 
mountmns,  and  often  accompanies  tin; 

Uranium  is  a  metid  lately  discovered,  and  comprehends  ttimijuwi- 
the  varieties  once  4»dled  homed  copper  (cuivre  com£,)  and 
peck-blende.     It  is,  acording  to  Werner,  of  ancient  forma* 
tion. 

Tellurium,  anodier  metal  recently  observed,  is  found  f^gjigQ^; 
chiefly  in  the  auriferous  mine  of  Nagyag  in  Transylvania, 
which  gives  from  45  to  170  ounces  of  olver  to  the  quintal, 
and  firom  200  to  210  deniers  of  gold  to  the  marc.  Tellu- 
rium is  attached  to  quartz  and  manganese ;  it  is  still  veiy 
rare. 

Molybdenum  appears  to  be  of  ancient  formation— small  Moijbd»> 
masses  of  it  are  found  in  granite,  in  several  places  of  Swe-"^*^ 
den,  Norway,  Saxony,  and  Bohemia  ^ 

i  HaSj,  >y.  S59.  ^  Steffias,  L  c  158. 


A»eiiie.  Airseiw!^  tlie  teme  of  which  alone  excites  an  emotion  bt  ter* 
for,  b  not  often  found  by  itoelf ;  but  it  serves  to  minetoalise 
a  greiBLt  number  of  metals :  rubbed  or  warmedi  it  discovers 
itsdf  by  the  smdi  of  garlic,  which  it  emits.  In  itft  native 
metaUic  state,  it  is  of  a  &teel-grey  colour.  It  is  the  oxide 
of  arsenic,  ttnder  die  form  of  a  white  powder,  which  cfmsti- 
tutes  one  of  the  most  vident  poisons.  That  which  is  aaet 
with  i^>ound  volcanoes,  is  mineralisied  by  the  sulphur. 

Ttunium.  Titanium,  imother  metal  of  modem  diseovery,  is  foulxl 
in  a  state  of  red  oxide^  under  the  form  of  a  femiginous 
stone,  and  united  with  silex  and  lime.  Of  all  the  new  -mi- 
nerals,  it  is  the  Goe  which  i&  most  interesting  to  physical 
geography  :  it  seems  to  occupy  the  same  place  in  relation 
to  iron  in  the  primordial  mountons^  that  manganese 
hdkls  in  those  of  secondary  formation.  All  the  iron  which 
is  found  in  the  primitive  trapp  of  Norway,  particularly  near 
Arendal,  is  more  or  less  combined  with  titanium  K 

Chrome,         Chrome,  which  colours  the  emerald ;  tantalium,  which  ia 

0*^1™' insoluble  in  acids;  cerium,  discovered  like  the  precediiig, 
by  Swedish  philosophers ;  columbium,  procured  from  diB 
United  States,  &c;  and  three  or  four  metals  which  an 
found  combined  with  platina,  have  not  yet  acquired  im- 
portance enough  to  claim  our  attention.  The  nndtiplici- 
ty,  however,  of  the  substances  which  chemistry  has  dis- 
covered, should  insfure  us  with  a  salutary  distrust  of  sya*> 
,  terns  which  tend  to  establish  general  analogies  between  bo- 
dies, of  the  very  number,  not  to  say  the  properties,  of  whic^^ 
our  knowledge  is  as  yet  so  vague  and  imperfect. 


>  SteSenB,  1.  c  158. 
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CantimuUion  of  the  Theory  of  O^ograp^.    Qf-^gregate 

SvlbMixmoe^  wlikk  compoie  ike  Solid  part  of  ike  Globe. 

FirH  Part :  Of  Mocice  and  Emihe^  md  Vokanic  Prt^^ 

ducikme. 

* 
Ws  hare  alt«iidy  considered  the  nmple  substances  irhick 
enter  into  the  composition  of  our  globe;  and  in  £iirTej*< 
ing  them,  we  hwve  been  constantly  on  our  guard  against 
the  influence  of  systems,  which  pretend  to  determine 
the  period  and  manner  of  the  formation  of  these  svin^ 
stances.  This  was  not  an  arduous  task :  we  had  only  to 
follow,  though  with  very  different  views,  the  track  already 
marked  out  by  the  father  of  modem  mineralogy.  A  more 
inttioate  padi  now  lies  before  us :  We  come  now  to  the  con* 
nderatkm  of  tiie  maesee  formed  by  the  aggregation  of  sevo* 
lal  Ample  substances,  which  constitute  either  ro(^s  or  earths, 
according  as  they  are  found  in  a  state  of  hardness  or  sofU 
ness.  There  the  most  enlightened  guides  differ ;  and4nstead 
of  shewing  us  the  way,  they  have  to  seek  for  it  themselves; 
amidst  the  confusion  and  obscurity  arising  from  th&  intro^i 
duction  cf  general  terms ^  before  general  ideae  had  been  ao« 
curately  fixed. 

The  classification  of  rocks,  founded  solely  upon  the  che-ciunScft. 
mical  and  geometrical  characters  of  the  simple  substances^*  ^ 
of  which  they  are  composed,  overlooks  the  intermixture  and 
relative  position  of  these  masses,  that  is  to  say,  the  two  cha- 
racters under  which  physical  geography  ought  chiefly  to 
considei*  them.  On  the  other  hand,  geological  classifica- 
ticn,  though  fonned  more  in  reference  to  tliese  two  points 
of  view,  are  infected  by  one  capital  error,  since  their  char- 
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acteristic  distinctions  are  derived  firom  the  crigm  of  rocks. 
This  is  unquestionably  taking  for  granted  the  very  point 
to  be  proved.  To  facilitate  such  a  method  of  systematizing, 
facts  are  assumed,  the  demonstration  of  which  ought  to 
form  the  boundary  of  the  science.  Accordingly,  the  differ- 
ent aspects  under  which  these  facts  have  been  viewed,  have 
given  rise  to  as  many  different  forms  of  phraseology,  as  there 
iave  been  celebrated  geolo^sts.  Basalt,  for  example, 
ranged  by  some  among  the  irappSf  a  spedes  resembling  the 
primitive  rocks,  is  placed  by  others  at  the  head  of  lavas, 
or  substances  ejected  by  volcanos.  In  the  present  day 
especially,  when  the  observations  of  Werner  and  Cuvier, 
compared  with  the  discoveries  of  Davy  and  the  expoi* 
ments  of  Hall,  have  given  us  a  glimpse  of  a  theoxy  of  the 
earth,  much  more  scientific  and  more  comprehenRive  than  the 
unwieldy  systems  of  the  Neptunisti  and  Vulcanists,  it  is 
an  indispensable  prerequisite  to  a  methcdical  description 
of  aggregate  substances,  to  discover  some  principle  inde- 
pendent of  any  system  that  has  been  founded  on  opinions 
entertained  as  to  the  origin  of  these  subtances.  TUa  prin» 
^r"i^^fi  dple  appears  to  be  found  in  considering  these  substances 
tioD.  as  to  the  mode  ofthmr  aggregaiionf  provided  that  we  con- 

fine ourselves  to  the  formation  of  extensive  daises,  and  do 
not  require  more  narrow  limits  than  those  which  actually 
exbt  in  nature.  It  would  seem  that  nature  has  placed  at 
wide  distwces  land-marks,  which  serve  to  direct  our  course  ; 
but  that  in  the  intervals  between  these  land-marks,  she  haa 
left  to  our  choice  a  variety  of  paths,  all  of  them  equally 
good.  According  to  this  principle,  we  think  that  physical 
geography  should  classify  aggregate  substances  in  the  foU 
lowing  manner : 

• 

A.  AoaBEOATB  SvBsrAvcEi,  properly  so  caiied,  (united  acooardiog'^ 
general  laws^  chemical  or  physical.) 

1.  Crysttdlized  Rocks,  or  such  as  indicate  a  crystalli^  texture. 

(Granite^  primitive  schist^  primitive  calcareous  porphyry.) 
%  Conglobated  Mocks,  or  such  as  present  an  union  of  frng-* 
ments  of  cryatalluEed  rocks^  conglutiiiated  by  a  crystalUieA 
oement.    (Primitive  pudding  stones^  amygdaloids.) 
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3.  BtfoiifUd  Rocks,  or  radi  as  exhibit  a  conteiture  siiiiikr  to 
that  of  a  sediment^,  which  had  deposited  itself  in  lasers. 
(Limestone  composed  of  shells,  free-stone,  {gris,)  jasper,  &c.) 

N.  B.  Stratified  substances  in  their  state  of  softness,  are 
called  stratified  earths,     (Clay,  marl,  &c.) 

4.  CongioTnerated  Rocks,  or  such  as  present  a  mixture  of  ftag- 
ments-of  crystallized  and  stratified  rocks,  united  by  a  stratified 
cement  (Variegated  marbles  and  secondary  pudding-stones.) 

6,  Coagulated  Rocks,  or  those  presenting  the  appearance  of 
dielted  matter,  which  had  been  coagulated  or  congealed. 
(Basalts  of  Werner,  compact  lava,  lithoides  lava  of  Dolo« 
mieli,  Hauy,  Faujas,  &c.) 

B.  Associated  Substakcss,  (united  according  to  meebanical  laws, 

or  according  to   chemical  or  physical  law^  special  and  acci- 
dental.) 

6.  Earthy  Accumulations,  or  rocks  and  earths  which  exhibit  only 
'  an  association  purely  mechanical,  of  parts  accumulated  one 

upon  another.  (Calcareous  tufa,  &c.  coloured  marbles,  united 
by  a  cement  of  tu£Et,  day  deposited  by  water,  and  otherwise, 
fargile  ^alluvion  etde  transport, J  peat,  &c*)  i 

7.  Volcanic  Frodu^ions,  or  substances  thrown  out  by  volcanic 
£xe,  through  the  openings  and  crevices  of  the  solid  surfaoe 
of  the  globe.  (Vitreous  lava^,  volcanic  cinders,  scoris,  pu- 
mide  stones.) 

9.  Boluks,  or  masses  precipitated  froin  the  atmosphere. 

C.  Substances  iKTBaCALAav  or  Adventitious,  (those  which 

are  foreign  to  the  dggregations  and  associations  of  mineral  sub- 
stances.) ^ 
9.  Remains  of  Organic  Bodies,  vegetables  and  animals ;  (a) 

petrifactions;   {b)  impressions;  (c)  remains  in  a  natural 

state. 

Let  us  rapidly  survey  the  vast  laboratory  where  nature 
works  these  wonderful  combinations,  of  which  we  have  been 
pointing  out  the  most  striking  and  accessible. 

Crystallized  rocks  appear  to  have  been  formed  by  the  si- 
multaneous crystallization  of  several  simple  substances  in  a^'yst^lhzcd 

.  .  .        .  rocks. 

State  of  chemical  solution,  and  united,  according  to  their  affi- 
nities, so  as  to  form  an  homogeneous  whole.  They  have  a 
granulated  texture,  which  loses  itself  in  the  dull  clammy 
or  compact  texture,  on  the  one  side,  and  in  the  lameliated, 
on  the  other. 

The  rocks  which  occupy  the  summit  of  the  scale  of  crys- 
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tallization^  ^e  iocontestably  those  which  have  for  their 
base,  quartz,  mica,  and  feldspar,  and  are  distinguished  by 
Grtmte.     the  name  of  granite.     Sometimes  a  fourth  substance,  am^ 
phiiole,  called  also  primitive  trapp,  or  greenstone,  is  mixed 
with  iU  or  replaces  the  mica,  or  the  quartz.     Qranite 
hm  even  been  found  mixed  with  a  little  lime ;  but  it  is  al- 
ways  siliceous  substanees,  especially  feldspar,  which  pre^ 
dominate  in  its  composition.     The  agreeable  variety  of  ce- 
lours  which  the  feldspar  reflects,  the  lustre  of  the  jpica,  the 
whiteness  of  the  quartz,  the  spmbre  green  of  the  amphibole, 
ofteo  if^ipart  to ,  grani^  the  inopt  magpificwt  appearance,, 
especially  when  pptishing  h|i8  developed  their  natural  shades; 
thus  the  eye  contemplates  with  delight  the  rose^anik  of 
Egypt,  composed  of  feldspar  and  mica  * ;  the  antigtte  bo* 
^altf  qv  black  granite,  iQ  which  the  amphibole  conqeals  the 
Tanedetof  tr^sparent  lamime  of  (he  feldspar  ^ ;  the  ortnoular  granite 
gnnite.      ^^  Corn,  formed  by  a.  singular  species  of  crystallization^ 
which  has  united  in  one  mass  of  white  feldspar,  and  of 
amphibole  of  a  blackish  green,  distinct  balls  of  the  same 
substance*^;   lastly,  the  graphic  granite  of  Siberia  and 
Scotland,  the  elements  of  which,  disposed  in  broken*  lines, 
suggest  the  idea  of  Hebrew  or  Bunic  characters  \    Gra^ 
nite  appears  to  be  the  most  ancient  of  the  rocks,  and  ta 
constitute  the  base  of  the  primitive  earth.    It  is  not  im« 
probable,  that  it  forms  an  immense  vault  around  the  globe  ; 
we  know,  at  least,,  that  granite  is  every  where  found  be-' 
neath  all  the  other  rocks,  and  that  of  the  highest  moun- 
tains in  the  principal  chains  of  the  world,  it  is  granite 
which  constitutes  the  foundations  and   the  mass.     The 
crystallization,  which  has  united  the  substances  of  granite, 
must  have  occasionally  met  with  one  or  other  of  them  in 
excess ;  it  has  accordingly  (ormed  Jeldspary  micaceous,  and 
Quartzeoui  quarizeous  rocks.     These  are  rarely  found  pure.     There 
^^  ••         appears,  however,  to  have  been  a  very  peculiar  formation 

*  DolomieHi  Janroal  4e  Physique,  Ventow»  an  ii.  tome  i.  p«  19$. 
^  Id.  ibid.  Septembre  1792,  p.  3. 

•  Faijjas  Saint-Fosd,  Essais  de  Gedog^e,  ii.  18?. 

'  Fatrin.  Hist  Natur.  des  Miner.  L  101,  Faujas,  L  c. 
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of  pute'quartz ;  strong  veins  of  it  are  seeh  traversing  eVeA 
the  granite'  mountains,  a[nd  the  vast  wall  of  quartz  upoil 
the  mountain  of  Felsberg,  near  Manheim,  excites  the  won. 
der  of  the  naturalist  *.  But  to  the  admiration  of  these 
phenomena  succeeds  the  spirit  of  disputes,  classifications, 
and  nomenclatures.  It  is  often  impossible  to  discover  the 
factd  in  the  midst  of  the  geological  discussion  to  which 
they  have  ^ven  rise.  The  rock  "Which  most  nearly  re- 
sembles the  granite,  unites  to  the'  granulated  structure  of 
the  latter  an  arrangement  of  parts,  which  gives  it  a  foliated 
appearance ;  the  quartz  and  feldspar  are  found  there  iii 
grairid,  but  thie  mica  forms  bands,  or  very  thin  layeris,  iit 
which  the  two  other  substances  are  contained.  This  is  th^ 
micaceous  rock  6f  Haiiy,  the  gneiss  of  Werner,  and  the  fo^Micaceouf 
liatedrock  of  Saussure^;  but  frequently  talc,  or  even  ar-^^'j^ 
git,  supplies  the  place  of  mica  in  these  foliated  rocks,  a 
circumstance  occasioning  continual  mistakes*  There  as^ 
some  mineralogists  who  give  to  the  name  of  gndgs,  an  ex^ 
tension  which  renders  all  definition  impossible. 

The  mitaceous  seMsts  are  rocks  which  occur  in  great  Micaoeoui 
laminii^,  cdmposed  of  quartz  and  mica.  It  appears  that  "^** 
they  recede  by  imperceptible  gradations  from  the  granu- 
lated texture  of  granites,  and  that  they  become  more  and 
Ttkove  niixed  with  alumina  or  ar^llaceous  earth,  an  earth,  the 
presence  of  which  seems  to  prevent  crystallization  frotn 
taking  place. 

The  exrgiilaceous  schists^  in  which  alumina  or  lir^la-'Argiiia. 
ceous  earth  predominates  over  the  silex,  occurs  in  the  form  **??• 

•  SCulSt& 

of  large  unbroken  laminae ;  a  circfumstance  which  consti- 
ttites  what  we  call  the  schisteotts  structure.  These  imper- 
ceptible transitions  from  one  kind  of  aggregation  to  ano- 
ther, render  all  classifications  iincertain.  No  one  has  yet 
been  able  precisely  to  determine  the  four  or  five  kinds  of 
rocks,  to  which  the  names  of  hornv  schists  and  of  n^acArf^Homy 

schuts. 

*  Fsujss,  L  e.  p.  94. 

'  Saussare,  Voynges,  §  1359, 1679,  See,    Haiiy  MinliBlogi^,  iv.  4Sf. 
'  Comp.   Ddam^therie,  Th^rie  de  la  Terre,  ii,  p,  S3T«-386.    Wenier, 
^  par  Saasture,  Voyages,  §  1304. 
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are  given;  tbey  are  merely  combiimtioiis  of  jiIm  and 
alumina,  with  a  litde  lime  and  iron.  The  bovny  texture 
is  found  in  part  in  certain  rocks,  oompoeed  as  it  were  of  a 
paste,' in  which  masses  of  a  more  perfect  crystaIli;tation  are 

Poipbyry.  imbedded.  These  are  the  porpAofries^  rocks  which  baffle 
more  than  any  other  kind  the  zeal  of  classifiers  K  Scwoe- 
times  it  is  the  paste  which  is  not  homogenous,  and  somei- 
times  the  imbedded  crystals  which  constitute  the  species  or 
the  variety.  The  porphyries^ properly  so  call^,  are  masses 
of  imbedded  felspar,  ccdoured  by  a  metallic  oxide,  and  conU 
taaning  crystals  of  the  same  kmd  Such  is  the  superb  red 
antique  porphyry,  originally  from  Egypt,  and  of  which 
only  imperfect  varieties  are  to  be  found  in  Europe.  Such 
is  still  the  ophUes^  or  serpentine  antique  porphyry,  al- 
though chequered  with  pbtes  of  amphibole ;  a  substance 
which  abounds  more  and  more  in  Uaek  porphyries^  AU 
the  real  porphyries  cdmmoniy  found  in  the  vicimty  of 
gramte,  are  distingui^ed  from  it  only  by  that  pasty  sub- 
stance which  serves  as  that  base ;  but  they  difier  also  fron^ 
ptidding  eUmes^  or  conglobated  rocks,  by  the  perfect  crys- 
tallization of  tMs  paste  or  oement  K  One  may  easily  con- 
ceive how  difficult  it  is  to  fix  the  innumerable  shades  which 
occur  in  the  crystallization  of  these  rock»;  it  is  this  which 

Forpfayroi.  has  led  geologists  to  create  a  class  of  porphyrcidal  rodcs, 
^  The  disorder,  or  rather  the  capricious  order,  according  to 
which  the  particles  of  these  rocks  have  crystallized,  some- 
.times  occasions' the  radst  brilliant  and* fanciful  appearances. 
Who  would  not  admire  the  orbicular  porphyry  of  Corsica  \ 
which,  on  being  pdiished,  di^lays  circles  composed  of  little 
yellowish  red  leaves^  arranged  in  rays  around  a  reddish 
brown  kernel,,  and  which  presents  ta  the  eye  a  transverse 
section  of  some  unknown  and  delicious  fruit  ? 

Tnpp.  Trapp^  is  composed  nearly  of  the  same  substanties  as* 

^  Conp.  HftSy,  iv.  435.    Faujas  St-Fe&d,  £«Md«  ii  405,  &c. 
*  Saussore,  VoyBges,  §  149,  tqq. 

^  Faajas  St-Fond,  Eaous  de  Geolpgie,  ii.  245,  and  pkncEe  zz.  bis. 
1 A  name  derived  ftom  the  Swedish  trofpf  a  stair  or  ladder*   Saxum  trspesi* 
nm,  Walleiy  sp.  220^ 


porphyry.  They  are  united  in  the  «aine  proportions,  only 
die  iron  abounds  more  in  trapp ;  but  this  arrangement  ia 
small  grains,  united  sometimes  by  a  cement,  does  not  pre- 
sent the  shining  crystallisation  of  granite  and  porphyry  ™. 
Trapp  rocke  have  a  tendency  to  separate  and  subdivide 
into  rhoroboidal  fragments,  resembling  the  steps  of  a  stair* 
ease,  which  often  gives  them  the  appearance  of  rocks  called 
icuali,  by  the  modems.  The  celebrated  Werner,  indeed, 
opi^dera  these  two  kinds  of  rocks  as  the  same,  and  com- 
prehends them  under  the  :name  of  primitive  trapp ;  an 
opinion  which,  at  present,  seems  to  be  received  only  in  the 
sdiooi  of  that  mineralogist 

The  rocks  oipetrotHex  and  of  jade,  as  well  as  that  oom>-  Petz«nlez» 
posed  of  amphibole  and  mica,  whidi  Werner  names.grun^^^  ^^ 
Hriny  that  is,  greenstone,  forms  small  varieties,  resemUing 
trapps  and  porphyries  in  th^  relative  positions,  although 
the  ampbabole  rook,  amongst  odiers,  <rfken  has  the  crystal- 
Kfled  texture  of  gramte.  Of  all  the  elementary  earths,  the 
cabareous,  and,  next,  to  it  tlie  magnesian,  have  the  least 
ficmtributed  to  form  crystallised  rocks. 

Theprimiiioe  limeskmej  ex  that  in^  whidi  there  is  not  a  PrimitiTe 
vestige  of  animal  remains,  ris  not  very  extensively  distri-^™***""^ 
buted;  it  is  rarely. found  amongst  the  foliated  granites, 
and  the  micaceous  schists ;  the  calcareous  banks,  in  the  ar- 
gillaceous sdiists,  have  a  texture  less  perfectly  granu- 
lated, and  present  &  compact  or  Jamellated  fractured  It 
is  amongst  the  stratified  rooks  that  ohalk  shews  itsdf  in 
abundance  \  it  is  at  the  head  of  these  aggregations^  as  gra- 
nite is  at  the  head  of  rocks  purely  crystallized.  * 

Magneaan  earth  appears  to  predominate  in  the  taJlo  rocks,  Magnesiaa 
whether  compact  or  schistous,  in  the  sei^entine^  the  cikAr^^'^^ 
or  poistone^  tieaUks^  or  soap  rocks,  and  some  other  aggre- 
gations, which,  in  truth,  often,  occur  in  the  primordial 
mountains ;  but  which  form  in  general  only  small  sufoordi. 
pate  masses.     There  are  rocks  of  serpentine,  ho  vrever, 


»  S«iittiiie»  VofBget,  g  145. 

»  Weqier,  dte  par  Steflbpi,  K  c,  31, 
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which  iise  to  a  very  great  bright  f.    May  nfe  not  iiiui^ii« 
that  the  alcaline  particlels,  •  existing  in  feldspar,  one  of  the 
flements  of  granite,  may  be  sejMoated  from  it  to  form  a 
fseries  of  insulated  rocks  ?     It  is  at  least  very  remariuiUe) 
that  magneaan  earth  seems  in  a  manner  to  arrest  the  pro- 
gress of  pure  crystallization,  and  to  disappear  with  the  pri- 
mordial hicks,  not  to  shew  itself  again  ei  Aer  in  strat^ed 
mountains,  or  in  accumulations,  but  only  in  the  wattt»  of 
the  ocean.     We  ought  to  pause  a  little  to  consider  these 
crystalhzed  aggregations,  which  seem  to  have  preceded  the 
birth  of  our  mountains,  of  whidi  they  form  the  moet  »diid 
part.    We  leave,  however,  to  the  naturalist*  l^y  pmfessiony 
i:he  task  of  classifying  the  imiumerahle  modificatiops  of  ag- 
Congiobat-  gregate  substances,  which  we  have  named  eongioboM 
^  "*^     rocks.    We  *mi<y  concave,  that  the  circuit  of  the  gbbe, 
scarcdy  consolidated  in  the  bosom  of  primitive  chaos,  must 
sooti  after  its  formation  have  begun  lo  waste  away.     Thft 
action  of  diflfereot  elements,  probably  the  nfid  altemalioBS 
fiom  excessive  beat  to  ittenae  cold,  and  even  the  very 
weight  of  the  masses  themselves,  bat  recently  c^stallned^ 
could  not  fail  to  produce  explosioQs  and  downfalls,  and 
consequently  fragments^  whidi,  in  reuaitiog  by  means  of 
the  crystallization  of  the  fluid  substances  which  surrounded 
them,  have  ^ven  birth  to  some  of  the  rocks  teimed  M« 
rkgated  marbles  and  pudding  stones.    These  rooks  differ. 
.    from  porphyries,  in  this,  that  they  are  composed  of  fing- 
ments  of  cdier  masses  already  erystalfized,  while  porphyry 
connsts  of  crystals  which  have  been  fiirmed  in  the  midst  of 
the  cement  which  unites  themP;  h^iee  the  cement  of  pc^«^ 
phjrry  should  be  derignated  only  under  the  nMne  of  baais. 
The  conglobated  rocks  differ  from  the  flint,  {gres)insA 
much  as  they  contain  laiger  grains,  or  do  not  present  re* 
gular  homogaieous  beds,  or  a  foliated  stmicture. 
Brecfae,  or       Costom  appears  to  have  appropriated  the  iratA.  Breche^ 
m^'bT**^  torrawed  from  the  Italian,  to  sKggregations  of  fragments  o^' 

"  Saunure,  Voyagei,'!  1^*    Ffti^as, 
f  S»iia8Ure,  Voyagfes,  §  149. 
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e*lcareou9  ro(sk^  while  the  term  pudding  Hone^  for  which  Puddias 
tlie  niDFe  classical  appellatiori  aUatoHes^  maybe  substitut*' >'<'>*- 
ed  %  appears  to  be  reserved  for  rocks  formed  by  the  re« 
^aiofi  of  a  great  number  of  ^mdW  flints '.  It  would  he  heU 
t«l»  to  call  **  BricheB^  the  aggregations  of  angular  fragments, 
and  <^  pudding  stone,^  those  of  rounded  fragments,  which 
pt^dbably  have  been  rolled  along  by  the  waters  *«  The 
etymology  eVen  of  the  tettn  in  Italian^  Breccia^  borrowed 
ftom  the  Godis  or  Lombards-^  indicates  a  violent  bursting. 

-  We  may  easily  imagine^  that  these  aissenlbtages  would 
vary  in  a  thousand  way8»  either  with  respect  to  the  natute  of 
the  reunited  fragments^  or  of  the  cement  which  unites  thcfm. 
Of  all  the  substances^  however,  which  serve  to  congIuti*< 
oate  th^  fragments  of  primitive  rocks,  it  is  quartz,  or  sili* 
eeous  earth,  which  is  most  abundant,  and  of  most  frequent 
occurrence^  This  elettent,  which  appears  coexistent  with 
our  globe,  may  be  considered  as  the  source  of  all  crystal* 
Uaed  finrmatibn.  Sometimes  the  bribes,  in  their  turn, 
have  been  reduced  to  fragments,  which,  agglutinated  by  a 
new  cedaeut,  have  produced  breches  composed  anew,  which 
liave  been  called  double  briehes.  We  place  next  to  these 
brbdies,  and  amoi^  the  Conglobated  rocks,  those  whiqh  the 
datamhsts  have  called  Aff^ifgdaloides,  from  their  similarity'  Amygda. 
to  ahiionds  imbedded  in  paste.  The  amygdaloMes  a;re  ^^  ^ 
eomposecl  of  any  paste  whaleverj  in  which  are  found  knots 

0r  glands  ai  the  same  substance,  or  of  another.  The  whole 
is  united  by  a cottfused  crystallization;  sometimes  the  spaces 
occupied  by  the  knots,  are  fouiid  empty,  the  substance 
which  once  filled  them  having  been  destroyed  by  an  un- 
known cause ;  this  makes  the  amygdaloide  resemble  porous 
lava.  It  is  02(tremely  diffieiilt  to  distinguish  the  amygda. 
kades  from  c^rtaiii  varieties  of  porphyry.  Without  in« 
volvtng  ourselves  in  discussions  to  which  the  formation  of 

%,)  poadingue. 
'  Saiusuie,  1 197.    Rome  de  Plsle*  Cristallographie,  ii.  573. 
•  Delam^theriK,  Thiorie,  §  531.     Comp.  Hatty,  iv.  463. 

-  ^  Dtt  veibe  jCf/w^n,  AUem.    Br^tjkCi  Qao.  hrkery  romj^ej  Fren(^« 
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conglobated  beds  has  given  rise,,  let  us  proceed  to  tbe  exa^ 
Strafeifled  mination  of  stratified  rocks.  In  order  to  shew  bow  vague 
"^^  are  the  linoitp  between  the  productions  of  pure  crystalliza? 
lion  and  those  of  stratification,  let  us  be  permitted  to  .have 
]:ecourse  for  a  moment  to  an  hypothesis  borrowed  from 
chemistry.  .  •• 

.   The  elements  of  which  the  rocks  are  fdnped^  were  un- 
doubtedly once  in  a  fluid  state ;  this  condition  is  necessary 
to  render  the  aggregation  of  so  many  different  substances 
possible.     But  the  state  of  solution  in  which  these  sub- 
stances existed,  presented  two  niodificatiohs, 
Chenucal        Chemiool  solution  differs  essentially  from  medmnical  m^ 
and  mecha-  lution ;  thp  latter  exists  when  the .  integral  particles  of  a 
Lq.       '   body  9xe  separated  one  from  the  other,  and  suspetid^d  in- a 
fluid ;  on  being  depqsited  according  to  their  sp^ific  geavi- 
ty,  they  form  ^  sediment;  on  the  contrary,  by  chj^mical 
i§olution^   the  integral    particles  are   not    only   separated 
from  one  another,  but  are  combined  with  the  solvents;  and 
in  uniting,  according  to  a  new  development  of  affinkie^^^ 
independently  of  their  sp^ific  gravity,  they  afford  SLprecir 
pitate.    £very  crystallised  subst^pe  is  formed  by  ehemir 
cal  solution,  and  by  precipitation ;  this  character  belotigs^ 
in  the  whole  force  of  the  term,  tq  primordial  rocks ;  but 
we  have  seen  how  crystallizatipn  lost  by  degrees  its  ^impli-' 
pity,  and,  if  we  may  use  the  expression,^  its  prinutive  ener- 
gy.    We  have  also,  seen  how  the  crystallised  texture  has 
been  succeeded  by  the  foliated  a^d  the  compact  structure, 
which,  ii^  becpming  larger  and  larger,  seems  to  indicate  a 
regular  scale  of  chemical  precipitations,  gradually  approach- 
ing to  the  nature  of  mech9.nical  sediment&     There  can  be 
no  doubt,  that  the  most  imn^ense  of  all  fluids,  the  ocean, 
suffered  a  gradual  decrease  of  its  waters ;.  the  f  primordial 
mountains  first  rehired  th^ir  summits,  the.n  the  ^rth  began 
to  swell  up  out  of  its  chaotic  state.     Organic  beings  were 
then  in  existence ;  these  were  marine  animals.     The  che- 
mical precipitation  continued,  but,  at  the  same  time,  the 
first  mechanical  sediments  began  to  be  deposited ;  the  two 
precipitates  were  niiKed,  sometin\es  in  great  confusion,  to- 
gether. 
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Thus  arose  the  rocks  of  transition^  which  are  found  on  Rocks  of 
the  sides  of  the  primordial  mountains,  and^-sometimes  at*'"^'*'"*' 
their  base,  in  which  we  observe  the  'first  animal  remains. 
The  waters  having  gradually  subsided,  the  globe  from  a 
shapeless  diaos^  takes  the  appearance  of  one  vast  sea,  from 
which  there  arose  on  all  sides,  the  primordial  mountains, 
flanked  by  rocks  of  transition. 

This  is  the  Neptunian  age,  the  second  geological  era* 
The  sediments  of  the  mechanical  solutions  alternated  with 
ihe  chemical '  precipitations ;  the  solvent  having  gradually 
lost  its  original  power,  chemical  action  insensibly  gave  way 
to  that  which  was  purely  mechanical.  This  Neptunian  ioge 
gave  birth  to  straHfied  mountains  and  rocks,  understanding  stratified 
by  the  word  skxUUm'SL  bed  of  homqgenotis  substance,  "^'^^^i^ 
This  term,  borrowed  from  the  Latin,  is  not  then  predsely 
synonymous  with  bed  qt  layer  i  a  stratum  differs  still 
more  fi^om  a  Icmind  at  pla$e,  terms  niade  use  of  in  speaking 
of  the  texture,  that  the  substance  of  certain  rocks  present} 
even  in  their  minutest  fiiigments. 

•  The  hypothesis  we  have  just  now  traced,  exhibits' the 
difficulties  which  geologists  have  met  with  in  their  attempts 
io  classify  stratiform  rocks.     In  the  calcareous  rodks  es-  stratified 
pedially,   the   compact  structure    and   the  stratified  are^»|j»^"^ 
blended  together  by  innumerable  shades.  Even  in  the  same 
rocks,  and  notwithstanding  its  being  copspletely  homogene- 
ous,  we  find  the  upper  part  containing  petrifaodohs  belong. 
ing  to  marine  animals,  while  the  low^r  beds  are  entirely  {ree 
from  them ;  but  amongst  the  decidedly  stratified  rocks,  we 
^ould  place  nearly  all'  the  aggregates  of  sulphate  and  car- 
bonate of  lime,  known  under  the  name  oSlime-sibne ; '  then 
.tlie  Mcondartf  marbles,  which!  owe  their  earthy  fracture  to 
large  quantities  of  ai^il,  and' their  colours  so  agreeably  va- 
ried to  the  presetice  of  oxide  of  iron ;  rftinifbrm  marbU,  Marbles 
which^  according  to  Dolomieu,  was  sKalcareous  ar^Uaceous  ^i"^^<^'"^-! 
stone,  uniformly  coloured,  but  while  drying  cracked  into  &c'. 
fissures ;  and  these,  filled  by  the  transuding  of  the  calcare- 
ous matter,  have  formed  the  appearances  of  ruins  and  lan(^* 


IK^pes,  whioh  ave  so  miich  ndfliiredu;  lastly,  the  shetttf 
marble,  composed  of  ah  infinity  of  small  sheiis  unked  by  a 
palcareoud  cement  The^/SeHd  stonej  or  swine  etone,  which 
in  Norway  forms  of  itself  a  little  island,  is  only  carbonate  of 
lime,  penetrated  by  bitumeii.  Calcareous  substances  pre- 
dominate in  the  stratified  irocks ;  the  capital  of  Frsnoe,  with 
its  palaces  and  temples,  is  buih  of  calcareous  stone,  almost 
entirely  compoted  of  twt)  Iqnds  of  shells;  the  cerites, 
{cyrithium,)  which  forms  the  iifiper  masses,  and  the  milio- 
^ites,  (milicda,)  which  abounds  in  the. deepest  beds  '.  Thcfse 
Tocks  readily  indicate  llie  rank  which  belongs  to  them  ( 
but  what  rank  can  be  assigned  to  the  (mleaiMus  stone  wtiicli 
CH^  presents  itsdf  under  the  form  of  dkaikj  and  which  occutH^s 
such  vast  belts  througfaotlt  tiie  globe  f  From  its  pttrity,  it 
is  almast  a  simple  substance,  contaming  only  Ikne,  ciirboliie 
acid,  and  phosphoric  acid.  From  the  small  number  pf  ma^ 
line  animids  which  it  immedkLtely  coiftains,  it  resembles  the 
primitire  rocks  from  which  its  earthy  cdnaistence,  desti** 
tute  of  the  least  appearance  of  crystallization,  seems  to  keep 
ft  perfectly  cfistinct ;  finally,  the  layers  of  large  flint  so 
frequently  met  with  amongst  beds  of  diaUc^  clesirly  indicate 
that  they  have  been  formed  by  deposit,  and  these  beds  in^ 
close  a  great  many  marine  animals  of  spedes  which  no  Ion* 
ger  exists  It  appears  that  the  chalky  state  of  the  calcare, 
ous  matter  is  owing  to  some  particular  causes,  to  investi** 
gate  which  is  the  prorince  of  chemistry, 
Argile  Off  Aluminous  earth  enters  into  a  great  number  of  sO-atifled 
f^y*  substances ;  da^y  which  ipceujises  ^eat  spaced  ofi  our  ^be, 
is  propeiiy  a  mixture  of  inlex  and  Alumina,  modified  by  th^ 
acddental  presence  of  magnesia,  iron,  and  other  substances. 
dlay  is  fi3und  in  mouindt  and  in  rockM ;  it  s^ems  ni^turat  ta 
us  to  suppose  in  general,  that  these  last  may  be  formed  by 
the  hardening,  or  rather  by  the  confused  crystallizalion  of 
.ar^llaceous  earths,  mixed  sometimes  with  grains  of  quartz. 

•        # 

1^  Dolomieny  Journal  de  Fhynque*  Octobve  l7S3j  p.  2S5,  et  suiv^ 
*  Lamaidk,  Memoiiti  sur  lea  Fossilet  des  Environi  de  Pftrii.    Annoi*  d^ 
Mudum  i^HitL  Katuu 
y  Comp.  JBrongoijurt,  TmU  de  Min^ndogie,  i.  809r«-?10* 


But  argillaceous  earths  niaj  be  formed  also  by  the  deooi% 
position  rf  rooks ;  auchwouldbe,ao0Qniiiig  to  Wemertthe 
origin  of  potter^  earth,  whiidi  he  places  amoiig  the  ternaiy 
garths  or  those  of  alluvion.  All  argUlac^us  seals  have)Vith<» 
^t  doubt,  often  chani^ed  their  ^tuaiion,  tk^  layers  f^4- 
ing  «asMy  one  over  another ,  their  prineiiMl  mtmti^  how, 
^er,  is  in  the  secondary  rodks ;  they  ai«  found  alternately 
firith  the  free-stone,  sand,  and  shdl  limestone. 

lithomarge,  distingnished  by  its  feeling  gDeasy^  and  ad- 
heriiig  to  the  tcmgue,  by  thefii|ene88€^itsg7ain,and  by  its 
fusibility  ii|tQ  a  qpungy  mas%  is  the  only  clay  which  isfonnd 
in  the  defts  of  loeks  in  j»imitiv'e  fb^matiottis.  This  is  the 
fuibstance  to  whi«h  aevefa^  nations  of  Amfiricay  Africa,  and 
Sibma,  have  leoourse  to  appease  th^  hunger,  or  rathec 
to  b^uile  for  a  moment  the  cruvings.of  their  d^tges^ve  or- 
gans '.  Amongst  the  other  kinds  ^cjny^  w^  disUnguiA  for 
tbdr  utility,  tl^ose  en^loyf^  in  tiie  operations  of  the  potter 
fmd  the  fialkr^  the :  difflbrent  bc^ks  an4  <xdites|  thie  siatc^ 
which  is  of  such  seryitie  in  voo^ag  hou^es^  and  which  is 
only  indiixiafeed  dbiyt  in  the  fonn  ci  scU^t  as  in  la|ninff\ 
Slate^  which  is  discovered  in-great  UockB»  b^s  so  foliated  a 
lextuce,  that  the  workman  needs  not  exert  apy  attentkm  to  . 
patch  the  joints  of  its  laniinae;  wherever  be  pkices  his  dufr. 
sel,  he  is  sure  of  hiuii^  a  divw^oa.  A  <lttality  common  ta 
all  day,  is  that  of  f onushing  stdbte^EcaneoiiS  roservcnrs  to 
fountains  and  springs ;  the  best  water  is  always  found  in  af ^ 
filaceous  soils. 

jPerm^R^fig-dlriy  forms  an  excepticm;  as.  it  is  nuxed  with  Fcnneni, 
guartz  sand  seduced  to  fine  powder,  i^  i^ibibes  water,  s^lls  "^  ^T* 
up,  and  raises  with  great  force  houses,  masses  of  rock^  and 
whole  fields ;  when  the  day  is  dried,  they  sink  down  to  tl^r 
first  leveL  The  consequences  of  these  unlooked-for  throbs 
and  heavingsof  tfaesoil  are  very  formidable  in  Swedeiiy  and 
in  Russia,  especially  when  the  day  in  swelling  happens  tq 
freeze  at  the  same  time  *.     Such  devastations,  arising  fron^ 


>  Humboldt,  Tablcanx  de  la  NatiiK,  n.  191.    Geois^»  DesoripCnn  dklft 
]&iiSBie,  iiL  202,  m^ 
•  WaXUr,  MinMogie,  u  p.  3i.    Geoxgi.  Runie,!]!.  201. 
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a  cause  apparently  so  :vreak,  will  amidst  us  in  conceiving  of 
the-  revolutions  which  rimilar  fermentations  probably  ac- 
complished at  the  epoch  when  moDntains  were  formed. 
jkiuL  Marl  is  a  clay  united  to  a  greater  or  less  quantity  of  cat- 

t;areous  earth,  often  with  qtiartzy  sand,  €md  sometimes  so 
impr^nated  with  bitumen,  as  to  take  iire  of  itself  ^ 
(Gr^s.)       .  Siliceous  substances  are  also  deported  in  beds.     Sand- 
Sandstone  jftm^  « IS  composed  of  small  grains  of  quartz  agglutinated 
hj  a  clayey,  calcareous,  or  siliceous  cement.  -  It  is  the  most 
tommon  of  all  the  stratified  rocks.     It  f(^ms  the  ordinary 
transition  between  the  primitive  and  secondary  mountains ; 
in  this  situation  it  is  found  in  parallel  strata,  and  is  but 
little  mixed  with  heterogeneous  substances.     But  it  is  met 
with  also  at  a  distance  from  the  primitive  mountidns,  and 
fieems  to  have  been  formed  at  all  the  geological  periods. 
There  is,  as  appears  to  us,  a  very  sensible  gradation  in 
the  different  formations  of  ^  grds^  of  sandstone,  from  the 
gfi^^  kind,  which  nearly  approiK^hes  the  primitive  quartz, 
to 'the  puiviMdar  species,  in  whidi  the  granulated  struc- 
ture becomes  perceptible  only  by  exposure  to  heat. 
Uggj^po^  •    The  recomposed  graniUy  or  the  sancktone  (gris)  of  the 
ed  granite.  i»oaI  mines,  is  an  aggregate  of  minute  fragments  of  the  ancient 
granite  rock,  united  by  cemelit  of  any  kind,  and  sometimes 
80  exactly  resembling  the  texture '  of  ancient  granite,  as  to 
deceive  naturalists  themselves.     But  as  the  beds  of  these  se- 
condary granites  alternate  with  those  of  coal,  it  is  evident 
that  they  have  a  much  more  recent  origin  than  the  rocks  of 
whose  wrecks  they  are  composed-. 

We  are  tempted  to  notice  at  this  epoch,  the  enormous 

Mocks  of  friable  granite  \rith  which  the  marshes  of  Finland 

are  covered,  and  from  among  which  they  have  chosen  the 

rock  that  serves  as  the  base  to  the  statue  of  Peter  the 

Bapakivi.  Great     This  granite,  named  rc^Mviy  in  the  language  of 

r 

b  Guldenstedt,  Voyage  dans  le  Caucase. 

•  Wheiever  the  word  «'  gret''  is  met  witb,  It  is  best  tmnslated  by  the  woi«l 
f<  iuiditone.**— T. 
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the  Finft^^fcvins  no  contiguous  mountains  nor  earth;  it  is 
decompo9ed.  very  slowly  *. 

The  formation  of  porphyries  is  continued  thsough  the  po^ 
riod  of  stratification ;  it  has  principally  ^produced  jasper&and 
quartZi^ate^. 

The  decc^nposition  of  stratified  todcs,  and  the  reunion  of 
their  fragments,  or  of  those  even  of  the  most  iancient  rocks, 
by  a  stratified  gluten  or  cement,  forms  what  we  call  the  am-  Coogiome^ 
ghmerated  roek9.  This  formation  appears  to  extend  ™****"^^* 
through  a  variety  of  periods,  and  to  present  a  long  aeries 
of  shades  which  it  is  aUnost  impossible  to  !define.  The 
briches^  or  variegated  marbles,  woApiiMing^done^  oomposied 
of  flint,  jasper,  shcdl  marble,  and  others  which  belong  to 
this  das?,  are  often  omfoimded  with  the  vari^ated  marbles 
and  pudding-stones  composed  of  parts  of  crystallized  rocks. 
The  countries  which  have  been  moat  carefully  examined 
with  this  view,  namely,  Thurii^^  and  .Silenft,  present  no 
other  constant  rule  than  the  identity  of  the  conglomerated 
fragments  with  rocks,  either  crystallized  or  stratified,  which 
border  upon  theuK-  The  pdls^red  of  Thurihgia  is  a  varie*  Differene 
gated  marble  of  sandy  quartz,  in  which  are  found  granite,  th^'^cki. 
porphyry  and  schists,  acc<Mrding  as  the  neighbouring  moun- 
tains contain  them^  In  Silesia  conglomeraiMrocks  ac- 
companying the  primordiid  mountiuns,  vanish  when  they 
disappear,  and  contain  only  fragments  analagous  to  the 
stones  which  compose  them  ^*  At  the  foot  of  Mount  Altai, 
in  Siberia,  we  find  whole  mountains  of  quartz  and  jasper  in 
small  fragments  conglomerated  by  a  cement  sometimes 
quartzeous,  and  sometimes  argillaceous  9,  In  Chili,  enor- 
mous masses  of  pebbles  reunitted  by  a  black  day,  rest  upon 
the  most  elevated  of  the  Cor£lleras^    How  are  we  to  trace 


*  Bcigmanft,  G6)gt«ph.  Ftifslqiie,  L  214.  CMn|&  PitriD,  Dictioonatre 
d*Hi8tolre  Naturelle,  de  Oeterville,  x.  81,  au  mot  Grant/  d^Ingrie. 

*  Hdm,  Correspondance  de  J?ach,  yL  535. 

'  Leopold  Bach,  Description  G^ognoetique  de  Landeck,  p.  19.  Id.  Ob- 
senrations  Geognostiqiies,  vol.  i.  passim. 

■  Schangin,  dans  le  Joanaldei  Mineun.  (Beigmannigcto  Journal,)  1T91« 
ToL  L  p.  83,  89. 

^  Molina,  Histoire  NatureUe  du  Ouli,  p^  83,  (tmfl.  ASL) 


the  iBiiuiiieTalile'fonii&tions  wUch  ha^e  fitlceeosiveiy  prq- 
dueed  these  beds  of  broken  remains  spread  oter  the  whole 
aurftoe  of  the  globe? 
Ccmgaiated  We  bave  not  been  able  to  oonqnrehend  in  any  of  the  pre- 
'^^  ^  ceding  classes,  a  species  of  rock  which  is  evidently  formed 
by  an  operadon  diffeiient  at  $he  same  time  both  from  crys- 
tallizatioa  and  stratification.  We  allude  to  the  celebrated 
boBolii  which  has  been  the  subject  of  so  many  discusaSons 
among  geologists,  and  which  has  made  them  spht,  as  it  were, 
into  two  churches,  eaeh  attached  to  its  particular  opinions 
with  all  the  keenness  of  theolo^cal  zeal* 

These  rooks,  compact  or  porous,  asbuming  prismatic  or 

globular  forms,  or  without  any  definite  form,  black,  brown,; 

greyish,  and  bluish,  resemble  in  their  texture  corneous  or 

homy  rooks,  and  thos^  which  Werner  designates  primitive 

Chemical    ^9ff9.    ^CK  and  ifou  appear  to  be  die  principal  chemical 

^^  ^^    elements  of  basalt    So  are  they  equally  of  trapp,  but  ex« 

posed  to  strong  heat,  the  trapp  affiirds  a  glass  of  a  greenish' 

transparency,  whilst  that  of  basalt  is  black  and  opaque. 

Besides,  the  basalt  incloses  crystals  of  ^<  peridote,**  which 

are  not  found  in  the  trapps^.    The  most  striking  character 

CoD%iin-  of  basaltic  rocks  is  their  configuration*    Nothing  of  this' 

kind  is  more  celebrated  than  those  prismatic  columns,  of  an 

immense  height  and  thickness,  of  which  the  cave  of  Fingal 

in  the  island  of  Staffa  is  composed. 

*  On  the  coast  of  Ireland,  is  another  admirable  collection 
of  basaltic  rocks,  placed  horia^ontaliy,  and  forming  together 
what  is  called  the  Giants'*  Causeway.  Masses  of  a  similar 
description,  though  less  considerable  in  size,  are  to  be  seen 
in  Iceland,  and  are  called  in  that  country  the  Walls  of  the 
DeviL  It  has  been  remarked,  paiticularly  in  the  cave  of 
Fingal,  that  though  the  prisms  themselves  are  unequal, 
the  faces  of  eaii^h  are  equal  to  the '  corresponding  faces 
of  the  adjacent  prisms,  that  the  inequalities  which  are 
in  relief  upon  the  top  or  end  of  one  of  the  prisms,  are 
adapted  to  the  depressions  or  little  concavities,  on  the  top 
or  end  of  the  next  opposite  prism,  as  if  the  one  was  moulded 

k  Paujas  Saint-Fond,  O^logie,  ii.  269. 


ifito  the  other ;  l«atly,  it  is  worthy  of  abtioe,  ihat  in  the  is* 
land  of  gc«ffa,  where  the  prisms  are  raised  one  upon  ano^* 
ther,  like  a  series  of  columns^  the  convene  base  of  the  one  is- 
inserted  into  the  concave  summit  of  the  other ;  so  that  the 
columns  appear  to  be  articulated.    Even  when  the  basaltic 
rocks .  pre^eAt  themselves  under  a  less  r^ular  striieture, 
their  position  alone  is  sufficient  to  attract  the  particular  aU  Pontioh  of 
tention  of  the  naturalist    Those  masses  which^  in  a  con-^'*'^ 
fusf4  maQnery  Jie  over  granite,  gneiss,  the  primitive  and 
secondigry  schists ;  those  summits,  which,  sometimes  conical, 
sometimes  pyraniida],  shoot  up,  in  an  insulated  form,  above* 
topk^  of  4  tptally  different  nature ;  those  cements  which 
unite  the  basalts  to  various  crystallized  rooks ;  the  sucees^ 
sive  trigi^Uon  o£  argillaceous  siliceous  schist  to  basalt,  and 
frpni  h^si^lt  to  a  kind  of  schorly  rock,  named  gruiutein: 
lastly^  the  numerous  instances  of  the  disintegraticMi  and  de^ 
compo^tion  of  basalt  itself,  imparting  fertility  to  the  soil* 
of  the  earth ; — ^these  are  facts,  the  explanation  of  wl^ch, 
has  for  many  years  exercised  and  baffled  the  ingenuity  of 
geologists. 

The  voicaniat^^  with  Desmarets,  Faujas  Saint*Fond,  andOf  the  yoI. 
Bolomi^u  at  thdir  head,  regard  basalt  as  lava  melted  by  ^^^gft"*^ 
the  heat  of  a  volcano,  and  which,  while  slowly  cooling,  hasi 
acquired  by  contracting  those  prismatic  forms  by  whidi.' 
it  is  distinguished  ^  But  this,  explanation  labours^  under 
great  difilpulties.  We  ask  the  volcanists,  Why  thes&  sup^ 
posed  lavas  have  an  appearance  similar  to  rocks,  the  aqua-^ 
tic  formation  of  which  is  generally  admitted?  Why  do 
they  present  no  trace,  either  of  vitrification,  or  of  tumefac- 
tion? Why  do  they  envelop  untouched  crystals,  and 
other.substano^  which  must  have  originalied  fVom  a  state 
of  fusion  ?  Dolomieu  answers,  that  the  heijit  which  melted 
these  bass^ltjic  lavas,  had  tery  little  intensity ;  that  the  f u» 
sion  of  these  substances  was  only  a  simple  dilatation,  which, 
in  separating  the  particles,  allowed  them  merely  to  glide 
one  over  another,  without,  in  any  degree,  changing  their 

'  Dolomieu,  Membires  sur  les  lies  F<»nce8,  p.  100,  tqq»  Desmarets,  Me- 
moires  de  I'Acad.  des  Sciences,  1771,  p.  ^73.  Faujai  SAiat<*f  ond,  Hisftoire 
JNfataie&t  dei  Iatm  Frismatiques^  &Ct 
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nature.     He  BUj^rts  this  opnion  by  his  own  ohservations  i 
according  to  which,  the  ordinary  lava,  even  while  it  is  flow- 
ing, is  sufficiently  firm  and  cool  on  its  siuface  to  admit  of 
being  walked  upon  without  much  inconvenience  \ 
Facts  op-        A  multitude  of  oth^r  facts,  however,  seem  to  leave  no 
P^^^l^^^®  subterfuge  to  the  volcanists.     In  the  first  place,  the.  basal- 
gau  tic  cones,  placed  above  all-  kinds  of  ancient  and  secondary 

rocks,  and  often  forming  the  most  elevated  summits  of 
chains  of  mountaiais,  present,  from  their  situation,  from 
their  entire  structure,  and  from  the  absence  of  craters, 
characters  very  contrary  to  those  of  lavas  and  volcanic  ac- 
cumulations. Basalt  is  decomposed  daily,  which  happens 
to  no  species  of  lava.  In  Ringuerike,  in  Norway,  the  ^il 
appears  almost  throughout  entirely  to  consist  of  decom- 
posed basalt.;  Near  Christiania,  small  fragments  of  this 
rock  are  spread  over  the  fields,  under  the  conviction,-  that 
it  will  form  an  earth  proper  for  cultivation  "^  If  we  exa-* 
mine  the  texture  of  these  rocks,  we  find  it  very  sensibly 
approach  that  of  the  sdiistous  porphyries  and  grtmstein. 
Upon  the  Meisner  in  Hesse,  we  have  observed,  with  a  great, 
deal  of  attention,  the  transition  of  basalt  into  grunstein  °. 
The  third  fact,  which  is  inconsistent  with  the  volcanic  ori< 
gin  of  basalt,  is  its  relative  position  in  regard  to  coals.  Not 
only  in  Hesse  does  basalt  cover  an  immense  bed  of  coalsj* 
but  in  Sudoree,  one  of  the  Feroe  Islands,  a  mine  of  coal 
is  seen  in  the  midst  of  the  basalt  ^  It  is  evident  that  these; 
masses  of  coals  would  have  changed  their  nature  consider- 
ably, if  the  lava  in  melting  had  flowed  around  them. 
Neptnniaii  The  Neptunian  origin  of  basalt  appears  to  be  attended 
2^  *' with  much  probability.  Bergmann,  who  was  the  first  to 
prove  by  analysis  the  identity  of  trapp  with  basalt,  isf 
content  with  suppoang,  <<  that  the  substance  of  basalt,  pe-' 
netrated  and  softened  by  humid  vapours,  was  converted 

>  Doloinieaf  Journal  de  Phybque,  Fructidor,  an  ii.  p.  408.  ibid.  FloToise, 
meme  annee,  p.  118. 

*  Strom.  Description  du  Canton  d'Eger,  p.  47,  tqq.  (in  Dan.)^ 

n  Daubuisson,  Tnduction  de  la  Theorie  des  Filons,  p.  94»  note  2. 

^Meoi.  de  la  soci^te  d*Hutoire  Naturelle  de  Copenbague.'  See  in  the. 
eouna  of  this  work  the  description  of  the  Feroar  Islands. 
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into  a  elamniy  and  liquid  mass ;  that  this.  xAass  ha'^ifig^  iA» 
the  progress  of  dry ing,  suffered  contraction,  but  not  fiqnailj- 
throughout  the  whole,  had  fonned  ruptures^  and  that  i(tL 
was' thus  subdivided,  with  a  lAiid  ^regukmtyy  into  prisoM^ 
rf  different  kinds  I*.'' 

A  celebrated  inineralogist,  Werner,  from.con»desring  tbeHT«Hi^«ii 
diigular  nature  of  basaltic  rock^,  and  parttcolarly  the  pOsi^"^^***** 
tion  of  those  of  Saxony  and  Bohemia,  thought  that  he  had 
discov^ed  j  that  *  the  fotiiaation  of  these  substances  consti- 
.tutes  a  distinct  epoch,  and  requires .  causes  quite  diffeti^enli 
ffom  those 'which,  have  produced  the  ordinary  kinds  o£ 
earths  and.roeks.  This  philosopher  imagined  that  a  me* 
chaiiico-chemical  solution  of  a  particular  nature. had ;opce 
covered  the  globe.  This  solution  produced  pre^itates 
analogous  to  its  own  nature ;  at  first,  gravel,  clay,  and  se-; 
diment,  purely  mechanical ;  very  soon  after  these,  ofune 
the  argilo-siliceou^  schists,  nam^d  zt^acA;^^,  whi^h  already  indi* 
eatethe.  comineticement  of  confused  cry^tallizatipn ;  jtheii 
appeared  the  basalts.  The  nlass  of  these  b^^ng  d^osited 
upon  almost  the.  whole  of  the  surface  of  the  globe,  the-s^^ 
lution  arrived  at  a  state  purely  chemical,  and  afforded  np^ 
thing  but  crystallized  precipitates,  Quch .  as  the  ^hi^K^ua- 
por|)hyrie8,  and  the  rocks  called  greensteln  %  . 
-  According  to  this  hypothesis  .of  W^erner,  there  i^  a  pOSr 
ability  oi  explaining  why  isolated  basaltic  colun^ns  ar^ 
fei^nd  projecting.from  the  .midst  of  a.  seal  of  ajdifferept  na- 
ture,  for  we  may.  conceive  that  the  part3  the  least  crystal* 
lized  of  the  basaltic  solution,  that  is  to  say,  the  parts  mixec} 
with  clay  and  gravel,  after  havipgbe^n  deposited  and  dried, 
were  again  decomposed  and  carried  along,  with  pthe|^ 
earths,,  by  currents  ci  water,  far  from  the  sides  of  the 
mountains  which  once  were  covered  with,  U^em.  In  some 
places^  this. mass,  of  decoqiposed  basalt  is  extended  more 
^ually  over,  con^ideratble  tracts  of  ground*    The  massie^ 

p  Bergmann,  De  Froductis  Vulcatiii?. 

<>  Werner,  Classification  des  lloches,  &c.  &c.    Paubuisson,  Journal  dep 
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df  basalt,  Whidi  are  Mi  decomposed,  imve  at  the  lame  tfan^ 
preserved  die  rocks  whidbi  they  covered  fiom  this  slow^dis* 
faitegratiOQ,  to  the  Bctibn  of  which  almost  all  the  anciedl 
mountains  are  subjected.  Thus  it  is  by  the  continued  re^ 
mqval  and  disappearance  of  the  lower  1)a8altic  strata,  that 
the  detad^  eones  have  acquired  their  particular  form, 
and  that  singular  position  and  lappeairance  which  ajstonidi 
the  eye  of  die  beholder. 

This  hypothei^  of  Wen^tsr,  which  more  tnultiplied  ob* 
Servatidns  will  either  confirm  or  overthrow,  fully  explafaas 
only  the  position  of  basalt,  and  not  its  ori^n ;  we  can,  eveik 
Qf  tbeeda-  idiile  we  admit  the  hypothesis  of  Werner,  aseiibe^e  oiiii 
g^*^  ^  gin  of  the  solution  of  the  constituent  parts  of  basalt  tq 
'    "  Whatever  cause  we  choose ;  it  is  even  veiy  likely  that  €»• 

lone  has  been  the  prindpal  agent  in  bringing  to  a  stale  of 
fermentation  and  fusion  those  substances,  probably  cryi* 
tallized,  which  furnished  the  materials  of  thkt  solution  ^ 
tliit  the  fermentation  and  the  fusion,  whidi  have  becnfiA- 
lowed  up  byanew  ooagulatibn  of  particles,  and  by  thdr 
oontractkm  into  prismatic  fc^ms,  have  no  connectkm  wfaat^ 
ferver  with  the  syst^  of  phenomena  aii&ing  froi^  ihe  :agebc^ 
of  volcanos  actually  burning,  or  of  other  umilar  anc^ei^ 
volcanos,  howevar  powerfiii  tiley  may  foe  supposed.  The 
polar  niagneitism,  which  Haiiy  has  observed  in  basid^  % 
teems  to  indicate,  that  they  were  onginally  tn^s,  in  wl^di 
It  slow  and  uuifenn  dilatation  of  particles  has  developed 
the  magn^c  fluid.  It  is  d^smtUe  that  we  rfionld  observe 
the  direction  of  the  basaltic  eolonnades,  and  the  position  of 
each  prism  in  relation  to  the  equator  and  the  magnetic 
poles. 

Circumscribed  i»  we  are  by  the  Hmjts  of  our  i^ork,  we 
taitist  rdinquish  this  interesting  discussion  oonceming  cxnu 
gulated  rocks,  and  proceed  to  the  copi^deration  of  masses 
formed  by  acasmttlaiion.  This  is  a  portion  of  the  globg 
which  we  may  be  ssid  to  have  undei!  pur  own  eyes. 

*  TniU  de  Mineralogie,  iv.  485. 


•       <^  .^ .    -  .  -t.  . 


fHYBlOAXr  OXOCBAmV.  S59 

.  Skmdf  gmvd,  dome  fntafijparted  cteys,  dial  is  to  say,  Earths  of 
4li69e  vlucbt  by  gUdiiig  did  rolfihg^  have  chaiiged  their  si-  ^'"'"^ 
tUB/dsfUy  aiid  ankurgst  Vbich  Werner  piadeSs  pottet'^s  earthy 
-kffhi  or  stony  substatices  formed  by  inorastation,  siich  as 
the  fitalaetites  of  caverns ;  the  **  tsmter^  or  stony  depou 
sits  of  running  waters ;  brecciaSj  or  variegated  marbles  of 
tenmry  fotnnatidn,  that  is  to  isay,  older  frl^ments  of  rocks 
nnited  hy  a  cement  of  tiiik;  fnar^hy-ochre,  although 
feemed  by  diemicai  precipitation ;  some  bituminous  and 
iduminouft  earths,  vegetable  earth,  and  the  mud  of  marches ; 
furff  composed  of  vegetable  i^emains  recently  buried,  less 
decoih|k)sed,  and  leds  ^impregnated  with  bitumen  than  coal ; 
bitutHinouB  jfbsBil  wood^  a  substancie  which  appears  to  be 
inc^ient  coal,  and  which  eveh  iti  some  places  nearljr  resent* 
bles  triie  oodl ;  these  are  the  materials  which  generally 
constitute  earths  of  accutmdaiicln.  We  fihall  develop  the 
origin  of  each  of  theke  substances,  in  tracing  hereafter  the 
history  of  the  changes  which  have  taken  place  on  the  sur- 
face of  the  globe.  Substances  projected  by  volcaiios 
form  the.  seventh  claib  of  solid  masses  which  we  have  to 
eoSdider.     .    .  ' 

Amoni^  tile  voJeaniv  jprodactions,  there  are  dome  whicb  VoUmIg 
have  undergone  an  igneous  fluidity ;  these  are  called  Lavii^  Ln^ 
in  tbe  proper  aense  of  the  word.    We  have  just  seen  that 
it  If  among  these  substances  that  several  French  minerai> 
lo^sta  place  the  basalt,  which  other  naturalists  consider  as 
baying  been  formed  by  the  agency  of  water.    We  hiive 
conddered  these  rocks  as   the   produce  of  a  formation 
anterior  even  (o  the  seas,  and  before  the  existence  of  vol* 
canos;  and  we  should  consider  it  a  most  arbitrary  ai^« 
raqgement  to  rank  ambngst  the  substances  thrown  out  bjr 
volcano^  one  whidi  forms  no  part  of  any  stream  of  lava 
that  has  ever  been  obiterved.    It  is  certain,  however,  that 
many  true  lavas  have  for  their  base  petrosilex,  feldspar, 
granite,  or  rather  amphigene ',  and  other  stony  substf^nces,  stony  and 
which  have  preserved  their  appearance  of  stone,  and  which  ^**"^  '■• 

*  Haiiy  Min^alpgict  iv.  493.    Dolo^iievb  Joiuma^  4e  FbysiciiieA  FIuv<mMa 
an.  ii.  p.  10^. 
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even  inclose  pure  crystals ;  but  these  lavas  never  assume 
the  regular  form  of  basalt  \  Other  lavas  have  been  vitii- 
fied,  as  the  obsidicm^  or  agate  of  Iceland^  which  has  con^ 
pletely  the  appearance  of  glass.  The  volcanic  glass  ha:6 
often  an  enamelled  or  pearly  appearance^  atid  is  found  iA 
a  capillary  form. 

The  pumice  gtone,  or  pumiced  lava^  is  the  best  "known  of 
volcanic  productions.  Dolomieu'  considers  it  as  'the  pro- 
duce of  foliated  gramte  arid  micaceous  rocks,  or  even  of 
granites,  properly  so  called.  <^  The  component  parts  of 
these  rocks  have  the  property  of  mutually  serving  as  fluxes^ 
and  have  been  able  to  undergo,  by  the  action  of  fire,  a 
demi-vitrification,  which  may  be  compared  to  calcined  mat- 
ter, or  frit,  a  little  swelled".*"  This  opinion  appears  to  be 
true  as  to  certain  kinds  of  punice  stone,  but  there  are 
others  which  are  produced  from  magnesian  rocks,  arid  es- 
pecially from  asbestos,  or  decomposed  amianthus*. 

The  different  scorios  are  substances  strongly  vitrified, 
which  swim'  sometimes  upon  the'totrents  of  lava,  and  some- 
times are  thrown  out  like  hail  around  the  volcano. 

The  volcanic  sands  appear  to  consist  of  lava  scorified 
to'  the  last  degree,'  or  of  scoris©  decoriiposed  after  being 
ejected. 

The  pouzzolanes  have  not,  like  lava,  experienced  an 
Igneous  fluiclity ;  they  are  substances  of  a  more  argillaceoua 
nature  than  those  which  have  formed  the  lava :  having  less 
sulphur  in  their  composition,  they  have  been  able  to  resist 
the  action  of  fire,  which,  instead  of  scorifying  them,  has 
only  served  to  calcine  and  bum  them.  Heavier  than  the 
scoriae,  they  fall  near  the  centre  of  .the  volcanic  mountain^ 
United  to  lime,  they  form  a  cement  of  the  gi'eatest  hard* 
ness  and  durability,  which  the  Romans  used  in  preference 
to  every  other  in  the  construction  of  their  a.^ueducts. 

Volcanic  ashes  are  discharged  from  the  craters,  in  the 

*  Comp.  Faujas  Saint-Fond,  Geologic,  ii.  part.  2. 
"  Dolomieu,  Voyage  aux  ilea  Lipari,  p.  6. 

*  Bcrgmann,  l)e  Troiluctis  Vulcaniis.    Spallannmi^  (Euvres,  ii.  tltS^  tnd. 
dc  Sencbictr.  - 


PHTSlCAt.  C-EOGR'AFRT.  861 

inidst  of  a  column  of  smoke,  and  are  then  driven  bj  the 
^nds  to  great  distances.  Those  of  Etna  are  carried  to 
Malta,  and  some  say  even  to  Africa.  When  these  ashes 
are  still  suspeiided  in  the  atmosphere,  and  when  the  vsl* 
pours^  which,  at  the  same  time,  ate  dissolved  in  it,  ha{q)en 
to  condense,  the  mixture  which  thus  takes  place  occasions 
those  earthy  showers  which  fall  sometimes  at  a  great  dis« 
tancefrom  the  volcanos  themselves.  These  ashes,  from 
the  extreme  minuteness  of  their  particles,  introduce  them- 
selves everywhere,  enter  into  the  closets  for  keeping  provi- 
maasf  where  they  vitiate  every  article  of  food ;  but  this  in* 
convenience  is  compensated  by  the  advantage  which  ac- 
crues from  their  fertilizing  the  grounds,  ravaged  by  burning 
toirents  of  lava^^  The  heat  of  the  volcanoes  produces  by 
sublimation,  different  substances,  such  as  sulphur,  muriate 
of  ammonia,  sulphuret  of  arsenic,  and  of  iron. 

Volcaaictufii  is  a  substance  produced  by  the  agglutina- Volcanic 
tion  of  volcanic  ashes,  or  fragments  of  scoriae*  The  muddy  ^"^ 
eruptions  which  take  place  in  certmn  volcanos  may  be 
conddered  as  the  principal  cause  of  the  formation  of  voL 
canic  tdia;  masses  of  clay  or  of  liquid  mud,  in  rolling  over 
the  eindets  thrown  out  by  the  volcanos,  incorporate  with 
them  '. .  At  other  times,  the  volcanic  substances,  in  flowing 
into  the  sea,  may  be  agglutinated  there  by  a  stony  cement^ 
held  in  solution  by  the  salt  water*. 

.  We  ^all  not  enter  into  a  detailed  explanation  of  the 
substances  contidned  in  lava,  the  origin  of  which  still  per- 
plexes the  naturalist;  but  we  ought  to  notice,  in  ia  few 
words,  aliered  or  decomposBd  lava. 

It  is  an  important,  but  obscure  and  difficult  question,  Decom- 
whetherlava,  by  the  action. of  air  and  water,  is  reduced '^"^^^    ^ 
into  earth,,  or  becomes,  at  least,  partially  softened.     Italy 
funushes  examples  favourable  to  this  opinion ;    Iceland 
offers  proo&  to  the  contrary.     The  probability  is,  that  no 
vitrified  lava  is  decomposed,  but  that  which  has  been  cal- 

'  Dokmien,  Memoiie  tnr  les  ties  Ponoes,  p.  336,  9gq* 

*  Doloimeii,  Yapigp-mm  Ues'Lipari,  66. 

«  Ddamethcrie,  Theoiie  de  la  Tcne^  iL  48^.  demitiiie  ^tioii. 
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caned  or  changed  by  the  action  of  the  strlphureous  acid  va-* 
pours  The  n>ii)e  of  alum  of  La  Tolfai  in  the  ancient  Bx^ 
man  State^  supp{ie3  us  with  an  example  of  this  $  it  is  a  lava,- 
vhicbf  being  decomposed  by  the  sulphuric  acid,  is  become 
white  ai^d  fliftbl^  \  Bergmann  exposed  some  calcareoua 
blackish  and  compact  lav^^^,  which  came  ff* om  Vesuvius^  tq 
the  vapour  of  sulphur^  8<ci(l ;  they  acquired  in  a  fewhpur^ 
the  appearance  and  texturfs  of  cl^afk,  sipf^ilar  tp  that  in  th^ 
netghbouring  rpclcp  of  Solfatara  ^  There  afe  nat^raUst^ 
who  consider  all  lavas,  ^yen.tbp^  mpsjt  strongly  vitnfiedg 
as  penetrable  by  the  acid  gases ;  the  $ulphuric  9m^  dis- 
solves at  first  the  iron,  afterwards  the  bltuininou$  earth 
^d  the  lime;  so  that  quartzeous  earth,  unchanged  by, 
.  acids,  but  attenuated  and  laid  open,  is  at  length  carried 
away  by  the  waters  ^ ;  bi(t  these  are  possibilities,  rather 
than  ascertained  facts.  We  conceive,  at  lea^t  in  gih 
neral,  that  the  oxygen  of  the  air  has  very  little,  influence 
upon  the  lavas,  and  that  the  action  of  sulphuric,  carbonic, 
and  other  gases,  must  be  circumscribed  to  a  small  numbeK 
of  places. 

It  is  proper,  after  volcanic  substances,  to  mention  those 
which  owe  t^  the  action  of  subterraneous  fires  Uieir  deposits 
of  coal  The  best  known  is  that  wMd  is  commonly  calfeii 
porcelain  ja^r  •. 

The  atmosphere  has  at  all  times  contributed  to  augment 

J  the  number  of  the  solid  substances  of.  the  globe.     The 

Bolide,.     ^1^^^  9f  ^^^  described  as  prodigies  by  many  Greek 

iStone        and  Roman  historians,  have  been  finally  placed  be^nond  the 

reach  of  doubt  by  the  enlightened  observations  of  Bioti 

Chaldini,  and  other  philosophers.   '  AU  these  substances 

tiu'own  down  upon  the  earth  from  the  elouds>  cont^n  the 

same  elements  of  silex,  iron,  and  nickel*    They  seem  to  be 

only  the  nuclei,  or  kernels  of  those  balls  of  fire  which  we 

often  see  traversing  the  atmosphere  with  a  dazzling  bright^ 

<>  Dolomieu,  cit^  par  Hatiy,  Mineralogie,  k.  505. 
«  Bergmann,  G^g-Fhyuque,  it  l^T,  en  Sfi^^if* 

*  Faiyas  Saint- Fond,  Mineralogie  dcy  Tf)^a^  pj^  i^  p.  37i. 

•  TluamiantafiBffl??B«4te  d«  ^ 
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nesSy  and  disappearing  in  the  twinkling  of  an  eye.  Thus 
the  bolides  J  or  atmospheric  stcmes,  should  be  ooncretioos 
finrmed  by  the  elementaiy  gases,  and  periiaps  by  an  efibct 
ofdectridty;  but  thqr  may  also  be  r^aidedas  aomany 
sat^^llir^  or  diminntiye  moons^  which,  revolving  round  our 
planet,  terminate  thor  course  by  uniting  themselves  to  H, 
when  causes  that  are  unknown,  but  easy  to  be  conceivedy 
^vedqpirived  them  of  apart  of  their  centrifugal  fiirce. 
Has  pn  Franklin  been  wrong  in  thinkings  <<  that  there 
may  have  been  a  time  when  it  rained  stones  as  it  now  does 
waters. 

It  now  remains  far  us  cfnly  to  take  a  ra^nd  survey  ct  the 
fubstances  whidk  are  foreign  to  the  mineral  kingdom^  and 
which  are  found  inserted  amoncst  those  that  Ibrm  fhe  solid 
^rust  of  fhe  ^obe.  These  substances  deserve  a  particular 
aettidt  t^  be  mpropriated  to  thcBk 
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€(m&niiaHon  tfihi  Theoh/  qfCfeogtaphj/.     Cfthi  Fessii 
remains  qfOrgcmic  Bodies,  Vegetable  and  Animal. 

4 
*  *    *  *  ^  B  »  •»•  k,  »  • 

The  remains  of  organic  beings  buried  in  the  earth  may 
be  vii^wed  as  so  many  geological  medals,  but  medals  with- 
out' a  date.  The  difference  of  age  ahd  "dl  origin  between' 
the  secondary  and  the  ternary,  rocks  wouH  be  eaifily  ascer- 
i^ned,  if  ^e  could  precisely  and  completely  class  the  *r&-' 
mains  of  organic  bodies,  each  according  to  the  e£ffth  or  rcick 
in  which  it  is  found  ;•  but  this  arduous  undertaking,  scarcely 
ever  coocmed  hy  systematic  geologists,  has  only  of  late 
become  the  object  of  researches  that  deserve  to  be  called 
scientific  \ 
Genoal  Organic  fossil  bodies  may  be  distributed  into  three  clas- 

^"^*         ses ;  remains  which  have  preserved  their  natural  state,  at 

least  in  part ;  petrified  substances,  and  impressions. 
Fon'il  n.  The  first  class  consists  principally  of  bones,  and  even 
"*'^"*  whole  skeletons,  which,  after  having  been  deprived  of  the 
skin  and  flesh  that  covered  them,  remain  buried  in  the 
earth,  or  concealed  in  deep  caverns.  Sometimes  they  are 
calcined  totally  or  in  part,  without  having  lost  their  confi- 
guration ;  sometimes  they  ret£un  not  only  their  texture,  but 
even  a  certain  portion  of  skin  and  flesh ;  we  occasionally 
find  them  incrusted  with  a  calcareous  covering. 

Petrifications,  taking  this  term  in  the  ordinary  sense, 

*  6.  Cimer,  Extrait  d*im  ouTrage  sur  les  espdces  des  quadnip^eg  dont  oa 
a  trouve  les  OBtemeni  dans  Tint^rieur  de  la  terre.  Paris,  an  ix.  £t  ses  Me« 
moiret  dans  les  Annales  du  Museum  d*Histoire  Naturelle.  Lamaick,  M^ 
moiics  SOI  les  coquillages  fossiles  des  environs  de  Pads.  Annal.  du  Museum. 
Bliimenbach,  Specimen  Aidieolpgi»  Tetturis ;  See  Gazette  des  Sdences  de 
Goltingue,  No.  IM. 
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comprehend  ail  tlie  stony  substances  which  have  the  figure 
of  an  organic  body.  There  have  been  instances  where  a 
liquid  impregnated  with  8t6ny  «particlea  has  flowed  iutO'  a 
cavity  formed  by  an  organic  body  which,  had  disappeared. 
In^that  case,  the  stony  mass  has  flowed  into  the  empty  cs^ 
vity,  and  assumed  the  exterior  form  of  the  organic  body 
wiudi  waa  there  bc&ire.  If  this  body  was,  for  example,  a 
bnuMsh  or.  trunk  of  a  tree,  the  stone  will;  have  knots  and 
wxinklos  on  its^exterior ;  but  in  tbe  interior  it  will  exhibit 
all  the  characters  o£  real  stone.  It  will  only  be,  according 
to  Haiiy,  <<  the  statue  of  thesubstance^which  it  has  re- 
placed'' 

-   WUie  the  process  of  decompoation  is  going  on  gradual- 
ly and  obviously  in>  a  vegetaUe  oar-  animal  substance,  k  is 
aometimes  likewise  surrounded  and  pressed  on  by  a  stony 
J¥uee^  .  As  each  organic  particle  dissolves  and  disappears,  a 
stDmy  .partiele  replaces  it.     Thus,  particle  after  particle,  the 
stony  substance  gradually  occupies  the  .spaces^left  vacant 
by  the  progressive  decay  of  the  vegetable  or  imimal  parts  ; 
and».by  being  moulded  in  these  cavities,  it  copies,  feature 
furjfeature,  the.  contexture  of  the  oiganic.  body.     This  is 
the  way  in  which  it  is:  usual  to  explain  the  formation  of 
pekified  xoood^  an  imitation  of  the  real  wood  so  oomjdete,  Petrified 
that  upon  cutting  it  transversely,  we.  distinguish  the  ap-^<><^ 
pea;Ea^C|^  of  concentric  rings,  which,  in  the  living  tree,  arise 
fincw  its  annual  growth.     Sometime  it  is  even  in  a  state 
firom  which  we  can.  ascertain,  by  the  lineaments  of  the  tex- 
ture the  species  to  which  the  tree  belonged  \ 
.   moralized  bodies^  and  those  which  have  beea  changed  MinenJiz. 
into  bitumen  or  into  coal,  may  be  referred  to  the  same  sys.  ^  ^^^^^^^ 
tern,  of  formatioa     Thus^  the  turquoises  for  example,  are 
the  j^w  teeth  of  some  large  seaanimal ;  a  metallic  substance 
which  h^s  penetrated  them,  has  been  gradually  substituted 
for  the  softer  parts  of  the  bone. 

Delam6therie  justly  observes*,  that  the  siliceous  matter 

^Mongvx  le  Jmiiie,  JomMl  de  Physlqvie,  1731,  p.  ^55,  et  suiv.    (Comp. 
DMbcotoii,  dans  ks  Le^wM  de  TEeole  Nonnale,  tome  iiL  p.  3d3,  et  ra!v.) 
f  Th^oiie  de  k  Tcnre^  tome  iL  p.  543. 
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iK>  abundant  inmaiiy  oiganic  bodies,  lies  crystallized  in  the 
bosom  of  the  eartb,  aod  {voduoed  a  great  part  o£  the  sIxMiy 
HUbstoPoe  whidi  iaonsdtittep  ixftnfaetioifiH-4br  these  beiacr 
<rf)!en  of  a  »liceQiifi  nature,  although  fatmd  in  the  midst  of 
cky^  wheatie  thttt  could  h«ve  oome  this  silioeotia  liquid,  if 
not  from  tHe  petrified  body  itself? 
^  In^^rmtrioM.  are  found  beiweea  the  laadnss  cf!  oertain  ar«« 
gillaceous  schists ;  they  are  the  reHevos<»  moulds  represenU' 
ing  skeletons,  of  animal^  partieularly  fishes,  leayes^  reeds^* 
entire  plants,  prinotpally  of  the  fern  kind.    These  laslt  iacu 
iHPss^^ns.have  this,  peeuliaiity,  that  if  one  of  tbeleaves  pre^ 
sents  a  concave  print  of  the  face  of  the  leaf  o|>posite  to  that 
which  bears  the  fruct^cations,  (asgenendly  ha{qpen%)  thef 
dither  lamina  will  present^: not  the  hollow  impresfiicm  of  thd 
flMBeof  frnetificatiQay  faul  therdievo  of  th»  swtefaiee^  whkh 
is  concave  upon  the  othei' leaf.  Toatliippearaiice^asBnigt; 
aieres  eisplains  it  \  the  fern  placed  up^i  spfl  day  ba^  Inm 
Qov^red  over:  ligaia  with  a  ncfw  dqwsit.    Aftttwards,  tbis 
plant  t'edncedinla  a  earbonac€$oiis  salMAanoe,  or  peoetsateii 
hj  the  i^inute  pai;ticles  cf  •  the  sdiistoiia  dqppsit,  bscamea 
ificoarporated  and  idenlificfd  with  it;  Kxid^  as  the  sitv&oe  c^ 
the.  fruotifidatkHis  is  unequal^  that  qpposiie  bemg  mot^ 
sniooth,  it  is  nalunal  to  imagine  that  there  has  b^en  les9  cxv 
he»oa  between,  the  clay  and  this  smoother  liice.    HefSee  dw 
reason  why  this  ktter  face  generally  presents  itsdf,  wheti 
the  leaves  of  the  clstyey  sdiists  are  8^pa]tttfidi<^  We  shaUnDW 
consider  siibcesuvely  the  different  classes  of  fbssilremftins* 
The  petrifactions  of  vegetables  seem  to  beknqg  to  tbd 
quartz€k)iis,  aluminous,  and  njagnesian  schists^  ratke^  than? 
to  the  cakareous  rocks. 

The  petrifying  substance  is  naost  freqtiently  of  quartz-* 
tcgetaWes.  |^ft|e,  onyx,  or  jas|>er%  it  is  not  uncommon'  to  meet  with 
petrificl^tions  which  have  beeh  formed  by  pyrites'.    Wef 

<  Jottnui  d^fi  Utdxt  N/itmelt^  Ne^  4  p*  1S5.  eft  tm% 

"  D*  AiigenTUle,  Oryciologie,  p.  355,  tab.  xx.    Stoppen,  lUct^stiote  Fbyn« 

^s,  i.  702.    Sfbulzen,  81^  1<9  Boi*  pMpma.    DfcOe,  ITSIw 
'Hepckel,  Fjfitol  ^94,  S27>  (en  Lstieu)   Dmn^  BiUioth.  f hftt^e,  i; 
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haYefi^m  a  p|eqe  pc^tvifiod  hy  pyntienmktist^cm  tidet  aa»A 
by  agi^tes  on  tbexither  <•  Fetiified  y^^bl^  in  lime^  in 
gypsupa,  and  even  in  day,  Bpfi^x,  M>  be  Iftss  freqiiwt» 
Fqa»l  ear^  of  oarfii  imiivpgnat;^  wilh  i^1n^»  Mfitb.oQi^rv 
«im1  with  other  m^Uq  9Mbitanc€t9«  Wa.  l^am  found  in 
S^tamMpd*  c^:  Dear  VfmBksnlMgf  m  HrMa^  Sqmif 
timea  pqiy  Ihe  ^ttm^  fiJ^m  af  the  regfiM^:  are  perQcpi* 
tiUa;  at  Qthe^tmes,  tbt^  diffemnt  xmgp  of  tiie.wood  anl 
tissue  of  the  bark  are  to  be  di8t»i>giu$hed»  The  <^  osteOp 
eoUee^^oreele^^iPQMd  tah^s*  appear  to  hd  imurttstationBiimn- 
ed  armDd  a  y^getaUe  jroQt»  whidi,  deptimcl  of  ita  nourisbr 
lag  jaiei^  ha9  at;  ieet,  completely  disappeared^  Petrified 
frmts  axe.  spiae^aftes  spoken  of,  but  th^  are  wiy  rareu 
They  have  been  fi^ind  on  heights,  vheve  now  they  do  nol 
gtotVp  A  trunk  of  a  petrified  tree  has  been  met  irith  upon 
Henitt  SteUa»  in  the  country  of  th^  firisons^  ai  4000  leet 
above  the  levek  where  the  last  shrubs  grow  K  Entire  beds 
of  petrified'wfiod  eiost  at  the  elevatloi^  of  1500  feeti  above 
the  eea»  xh^^  ^P  tpwia^  of  Mundfl^  bx  Spm^^ 

The  ij9(i|8:essfons  qf  v<egetable$ .  are  almost  esieluEavely  ^n3p»^<H)* 
foi^id  in  the  intMrly  a^4  argillaceous  si^ste*  Those  rfbuli!^*'* 
leaves  and  IvaaiAkes  are  common.  Some  have<  been .  m^ 
withy  whiph  prejsent  tQ  Us  the  most  delicate  traces  of  the 
strpcture  of  flowers,  amongst  others,  the  aster  alpimiSj  near 
Ihlefeld,  in  the  county  of  Hohenstrin  J#  Like  petrifactions 
they,  spmietimes  represent  indig^ous  plauits,  or.  sueh  at  al» 
|U|t|tep  of  neighbouring  count^s ;  bijit  those  that  axe.  found 
in  £urope  of tener  bebng  to  the  tn^al  olimatea  of  I^tdia 
and  America. 

Bernard  de  Jusi^ieu  had  remarkedt  abeuit  a  century  s^  ThMe  Tcge^ 
i^  the  gr^t^part  of  the  feewl  pjants  which  aie  <bund  ^'"J^?,"* 
\%  tfaf».  bif ^ut)[^|is  schi^t9  pf  S^nt  CEhaum/ond^  near  Lyonsy 

>  Bergmann,  G^ognpbie  Physique,  L  307« 

^  Scheuchzer,  Oiyctogiaph.  HeWeU  209.    Zjehmann^  M^moires  FhyuM* 
cluauqiieff,  (en  AIL) 
^  M^moiies  de  TAcademie  derSciepoei  de  Beris,  aa  17101 
^  Hollmaiuiv  PhiloiQftb.  TranncL  \1Wj  p*  4M)%  «;;• 
'  BergnuuiD,  6^<^.  Pbye.  i.  303* 
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irere^foreigtl  to  oat  cliinates.  There  was  tecogtii^fed  there, 
in  particular,  the  fruit  of  a  nyctanles^  thfe  polypodiUitij  atid 
this  (pianthim"^:  In  a-  marly  fosi^il  schist,  covered  over 
bj  thekya/  Faujas  Saint-Fond  met  with  the  impressions 
df  gOBsypium,  in  the  state  of  a  tree,  the  liqnidaibbar-stjr- 
nxy  theeasaa-fistula,  and  otlier  vegetables  of  tropical  cli- 
mates. This  same  observer  discovered  the  fruits  of  the 
palmier«4U*£ca  in  a  deposit  of  decomposed  fossil  wood, 
iUuUed  <<  terre  Wombre^  near  Cologne  °. 
•  The  German,  Scheuchzer,  who  has'given  an  anUdJihffoien 
ierbarium*  Woodward,  and  Lloyd,  and  many  other  phi- 
losophers, have  proved  the  same  circumstances  a&  to  the  fos- 
sil plants  of  their  country.  Delam^therie  has  shewn,  that 
the  elastic  fosdl  gum  of  Derbyshire  was  the  cahoutchouc,' 
which  grows  only  in  Peru.  And  the  amber  of  Frusta  is 
supposed  to  have  been  produced  from  the  gum  trees  in  the 
forests. 

Bitumiimt-  ^ .  Bituhiinated  wood,  although  buried  at  great  depths,  majr 
be  the  production  of  some  less  ancient  and  less  violent  re- 
Tolutibns* '  Pieces  of  wood  have  been  found,  of  which  one 
.  J  end  was  in  a  natural  state,  and  the  other  bituihinated^l 
And  it  is  remarkable  that  this  wood  is  often  of  an  indige^ 
nous  kind.  At  Upsal  is  preserved  a  large  piece  of  an  alder 
tree,  which  was  discovered  in  Scania  converted  into  jet, 
having  still  the  bark,  and  buds>  very  discernible  p.  Thus 
bituminated  woods  approach  by  degrees  to  the  nature  of 
gubterraneofus  Jbrests^  or  heaps  of  wood,  which  have  been 
simply,  buried  by  some  modern  oonvulsion. 

Sbellf.  Amongst   the  remains  of  the   animal  kingdom,   sheUs 

^mA  zoophytes  are  the  most  abundant;  they  occupy  im- 
mense spaces,  but  are  principally  found,  in  the  calcareous 
rocks.  France  furnishes  us  with  the  best  known  examples. 
The  environs  of  Paris  alone  have  supplied  M.  Lamarck 


*  MemoirOB  de  TAcademie  des  Sciences,  1718. 
"  Delam^tfaeri^  Theorie  de  U  Tene,  §  1452. 

*  IjehmaDn,  cit^  parJBeigravm^  O^og.  Phyft  i.  306. 
r  BergDuum,  ibid. 
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with  lAore  lba»  00  spedie^  and  this  jAilosoplucal  t^nmflrtir 
tbn  has  npt  nearly  readied  its  limits  4.  .  We.  know  that  a 
vast  bed  of  chalk,  accompanied  by  banks  of  calcareous  ^11, 
extends  from  Bethel^  throligh  the  departments  of  the 
Marne  and  the  Aube,  tdwaids  Sens^.  The  quantity  of 
extraneous  bodies  which'  hAve  been'  found  in  this  belt  of 
dudk,  or  in' its  vicinity,  is  very  considerable.  -  <<  In  the  eiip 
virons  of  the  town  of  Rheims,  are*  found  <][uarrie8  filled' with 
transparent  belemnites,  with  sea  urchins,  echini,  and  wi^ 
pyrites  of  different  forms.  There  likewise  are  to  be  aeem 
in  mingled  confu^on,  cornua  ainmonis,'  fossil  talc,  petrified 
wood,  and  pieces  of  potter^s  earth  full  of  impressions  of 
leaves.*^  From  Chalons'to  Bheims,  the  soil  is  inixed  .with 
chalk,  and  containis  bdeituiites,  peclines,  echini,  the  teeth  of 
fishes,  and  the  broken  points  of  echinL  The  donton  of 
Courtagnpn  presents  a  bank  of  shells  of  several  myriame:. 
tres  in  length,  and  nearly  two  in  breadth.  It  contains  a 
quantity  of  fos^s  preserved  endre,  and  scone  have  even  re- 
tained their  colour  and  their  polish.  <<  More  than  sixty 
kinds  are  to  be  seen,  such  as  purple  oysters,  plectinites,  cha;- 
mas,  tellines,  mytilus,  cardium,  cypraea,  cornua  ammonb 
nerites,' sabotes,  lepas,  patella,  archa^  squalusmiEuumus,  iand 
iDther  animals,  and'aTso  fossil  corals'.  '  *  ' 

Below  the  town  of  Montmirail,  between  the  farm  of 
Tigecourt,  and  a  hamlet  called  Le  Faussat,  at  the  cohflu- 
lence  of  the  rivulet  of  Saiiit- Martin  with  the  river  called 
the  Petit '  Morni,  there  is  a  very  extensive  bank  of  sand 
filled  with'  fossil  shells  of  every  kind.  This  bank  is  five 
metres  in  height,  and  is  covered  with  sixty.five  centimetres 
of  vegetable  earth ;  below  the  bank  of  shells  is  another 
of  yellow  and  grey  sand,  which  is  almost  horizontal  and 
parallel  to  the  declivity  of  the  soil.  The  quarries  of  Eper- 
nay,  and  of  Dizy,  along  the  Marne,  fumdi  nearly  the  same 


1  Bnisl^,  Statistique  du  D^partement  de  TAube,  p.  0. 
'  Description  du  D^partement  de  la  Marne,  par  la  Society  d* Agriculture  t{ 
dc8  Sciences  du  Dcpartement,  p.  iO,  et  suiv. 
f  Coquebert-Monbret,  Journal  dcs  JMiucs,  No.  94,  p.  31 6« 


.^Mi^  i»  weU  as  petii^d' T^Md;  ^iiiflQh 
chedlut  treb.  In  the  iodbibet  ^nkfx^  history  ttfc  Ofakboi) 
<a*riiark's:tooth  &  ptbfteiMed  beimiiftsdmchlilk,  iad  a  pc«ii* 
^^  tehmuB^  fovaA  itt  this  d^p^h  of  t^dty-^ifcoi  inmes^ 
UUl  the  plaiM  of  irhat  iira$  fbhneriy  caikd  the  isle  6£ 
Tma^P  p]^e8^i  Tust  bftiikk  of  ealiiaiteoud  and  sandy  stones^ 
Aled  liritli,  br  ntlh^r  tomfidM  6f ^hcfliii,  fidtde  b^I^gliig  to 
tfte  kinds  whidi  inhabit  l^ut  1i§a»^  ^he^s  limilar  tothode 
li^hbh  ei&ist  in  fteA  wat»^  li  ciiYftinlSCanoe  which  |irov^&  k 
ifiifeveface  both  in  ttasir  ^'4nd  their  di^in  K 

Fiance  still  ftrther  supplies  an  iexampie  of  cme  enormbtia 

IsedfiOTeved  wiib  ilo  other  substa^lce  than  AiSk.    I  aiiiftde 

to  the  neigkbbisrfaodd.  rf  Tour^dme,  which  is  one  ccmtiir 

VouniiiQ.  kumia  bed 'of  Ikdkmi  isbdls^  i^f  abodt  nme  aneient  squats 

leagues  in  sap^rQcied  extent,  and  at  least  SO  feet  in^thiek* 

ness.    The  whoie  tottSs  of  shelis  is  estimated  at  170  miliiona 

of  cubic  toisfes  ^^  . 

Bemaila        The  other  oountHes  of  BSnrdpe  are  not  toss  abundant  k^ 

11^^^    ibssii  dtdla    Twenty  jpa^  wotrld  be  insuffident  to  enu- 

poiDtti^  .mtaite  the  places  x}f  Gonnany  where  they  aife  ft>aBd ;  but 

^liece  is  one  ^nend  remark  oE*  the  (Setman  ^ilcisdphers 

!wfaich  18  bif^j  deservii^  of  kl^tjim;    The  calcaneus 

rocks  of  tranintion, ,  and  the  sohistci  of  the  same  £mnation^ 

1«  Ae  cha^i  of  Harts,  contsixl  odfy  to^phytes^  such  ^  the 

madrepores,,  nnllepores^  ind  teretnatiilites ;  the  stratified 

Irocks^  conndexM  As  dieniost  tocdetO,  eontain  also  zo(^yte% 

lieleniliite^  idnnia!|]ite6|^  enoinites^  pentacrinites,  in  ;a  word,^ 

^ells  the  ibost  remote  fcnm .  the  aetpally  existing  khlds  \ 

On  the  contrary,  the  xhost  modern  calcar^us  rocks^  those 

of  Mount  Bolca^  near  Vercnm,  and  the  hills  6f  chidk  in 

England^  and  Zealmld,  inclose'  kinds  appioaehing  to  those 

whidi  now  exists  sujch  as  the  ostracites,  jpe^tinites,  buc^- 

fes^  natitilites,  chaipite^,  and  others  T. 

*  Cuvier  et  BiODgniaic|»  Ge^sphie-  Phynqiw  des  Environs  de  Ttaofi,    An^ 
liales  du  Museum,  xL  2S|3. 

^  Beaumur,  H^oir^  de  I'Acad.  des  Sdenc^,  en  I72O9  p.  i04i 

*  Fieuleben,  Observations  sur  le  Hartz,  ii.  81. 
'  Steflfens,  Beytisege  zui  Innem,  etc.  p.  87. 
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Hie  n(»rth  mdiioiitli  of  Snircipe  do  ndt  yteU  to  the  cieA«she]]8  of 
tral  parts  in  thiil  raspoit    The  dUdirooiis  todkA  of  Bcfet.^®,'*®'^^ 

*^  '  .        ■  and  90utl| 

wick,  in  Sweden^  at  3000>ffeet  above  Ibe  sea;  the  yegdta-of  i^uioiw. 
ble  iQurth  of  Fialaiid,  rad  the  angiUooebus  beds  bf  the  is- 
Imds'of  Norway,  abound  in  sbirils,  some  Vhofe,  others  al; 
most  changed  iilto  eordi  ** 

In  Italy,  ^e  see  ti^ar  Bologna  a  bed  of  saiid.fonnedtof 
^fomma  atmrnnis^  whidi  are  not  4»ie  'line  in  flnohness  \  In 
Greece  and  in  Sjiain  wedfton  travel  over  (nbtlni^  but  sheik. 
Romondhas  Found  th^m  in  die  Pyrenees,  ufxm  the  snai^ 
»it  of  Mount  PenAu,  at  the  height  itf  10,5T8  feiet;  Lamft- 
UMi,  ih  ithe  D^nphin^  Alps,  at  7,446  ieet ;  Guerin^  upoa 
Mount  Ventoux,  at  6,16S  fiset^  and  Snissbre,  it  the  Alps 
ofdavoy,  at  6,104  fe(^;  itlna(y  be  affirmed,  dmost  wif(i 
certainty,  that  throughout  Europe^  wherever  tliere  is  dialk, 
^ere  also  are  shells  \ 

Every  thing  concurs  in  leaifing  us  to  consider  the  other  Shells  nf 
parts  of  the  woAd  as  perfectly  similajr  to  Enrope  with  fe-^"*,^™^ 
spect  to  the  abondance  of  jshclis.  The  vaift  heaps  of  echini 
Irfaach  exist  in  Lybia,  at^d  in  Barbary,  have  been  described 
by  Shaw ;  and  We  know  fitom  Bxsmer,  that  they  are  found 
}n  iSxe  gold  mines  of  Akim  in  Guinea  ^  Moiint  Libanut^ 
is  in  a  nuuiner  sown  with  clchini  %  and  Mount  Camiel  with 
petrified  oysters  ^  In  the  chains  which  bprdier  the  Caspian 
Sea,  shells  are  foun^  even  at  a  height  above  the  region  of 
th^  doUds  '.  .We  see  beds  of  tlie^  interposed  amongst  the 
ibcks  of  Mount  Taurus  in  Catainania^.'  The  mountfdi^^ 
of  China,  according  to  the  Jesuits^  are  covered  with  them; 


•  BfngBOuuui,  G^Qgnipli*  Pbyiiqae,  L.887.    lani^f  Fontoppb'Biui.  ^^ 
f  Comment  Bononicaises,  p.  6$. 

b  Faujas  Saint-FoDd,  Ess^  de  G4ologie,  ii.  61,  66. 
^  Boemer,  Voyage,  &c  p.  80.  (in  German.) 

*  Paul  Lucas,  Voyage,  ii.  380. 

f  Com.  le  Bruyn,  Voyages  au  Lfivant,  ch.  5^. 

f  Kaempfer,  Amoenitat,  Escof.  430. 

c  Figucioo,  Ambaasadeur  Espagnol,  cit6  pat  Leibnitz,  Frotogea,  §  23. 

^  I)*Incaiville,  Fbiloioph.  Tzansact.  voL  xlviii. 


273  IISOK  TWELFTH.  ^ 

'  and  Siberia  has  cff&red  to  the  Kussiiui  trarrilers  not  only 
calcined,  but  pyritized  shells,  and  also  madrepom^.  t 

The  philosophical  traveller  Feron  has  seeA  the  ooasts  of 
Timor,  New  HoUand,'  and  a*  great  many  other  oceanic 
lands,  composed  in  a  great  mesisure  o£  accumulations. oC 
marine  testaceous  animals.  With  regard  to  America,  we 
learn  from  Kalm,  that  the  United  States  and  Canada  con. 
tiiin  enormous  beds  of  calcareous  matter.  *  We  see  Adrntral 
Shdlfl  uponNarborough  seeking  in  vain^  in  the  Bay  of  St  Julian,  foF 
l^^ij^'**^"  oysters  analogous  to  the  ebells  of  which :  he  found  the 
neighbouring  mountains  composed ;  and,  lastly,  in  the  ^ 
centre  of  thiisit  hemisphere,  M.  de  Humboldt  points  out 
td  us  the  high  chain  of  the  Andes  covered  over  with  ostra? 
cites  (petrified  oyster  .shells)  at  an  elevation  of  13,800  feet^ 
Fossa  ,  The  remains .  of.  other. sea  animals  are  less  abundant^ ; 
next  to  the  testaceous  kinds,  fishes  are  the  .most  frequent; 
They  are '  found  in  Switzerland,  hear  Glarqs,  in  the  slaty 
schists ;  in  Germany,  in  marly  schist,  and  in  the  btturai- 
nous  schist  of  Pappenheim ;  in  the  coppery  schist  of  Eis4 
leben  ;  in  the  stinking  schist  of  Ochningen ;  ihlEgjptand 
in  Syria ;  in  the  calcareous  rocks  upon  the  coast  of  Cora- 
mandel,  and  in  several  mount^dhs  of  China  I  The  place 
which  has  furnished  the  greatest  number,  is  Mount  JSolca^ , 
near  Verona  in  Italy. 

France  has  furnished  some  very  curious  specimens ; 
there  has  been  discovered  at  Grandmont,  at  four  leagues 
from  fieaune,  in  Burgundy,  a  fish  in  a  tnass  of  grey  cal- 
careous hard  stone.  Another,  which  was.  10  inches.  10- 
lines  long,  has  also  been  found  in  a  solid  bed  of  stone,  at 
17  feet  depth,  at  Nanterre,  near  Paris. 
FossU  These  are  the  only  two  examples  of  this  kind ;  the  other 

fish  of        fossil  fish  hitherto  discovered,  not  being  incrusted  in  the 
^  *   mass  of  the  stone,  but  ii;i  the  more  recent  layers..    The  fish 

'  Georgi,  Description  de  la  Bdsne,  iii.  599»  &c.  &e. 

^  Humboldt,  Tableau  des  Regions  Equilioxiales,  p,  126,  137. 

'  Scheuchzer»  Piscium  Quercls  et  Vlndicse,  Zurich,  1708.  Knorr,  Lapides 
Diluvii  Testes.  Nuremberg,  1749.  Tab.  17,  18.  Uessner,  de  fetilQcatis, 
pap.  27,  p.  60,  edit,  de  1759. 
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of  Nanterre  appears  to  belong  to  the  tribe  of  coryphenes, 
kinds  simHar  to  which  live  in  the  equatorial  seas  ™.  Other 
fossil  fish  have  been  found  at  Montmartre,  and  at  the  yiU 
lage  of  Devey-Louranc,  in  the  department  of  the  Ardeehe. 

The  glossopetras  are  sharks'  teeth,  (squalu$  mcueimuSj)  (^losg^^^^ 
9Xid  are  found  almost  everywhere,  even  adhering  to  the*r». 
maxillary  bone  ^  The  calcareous  rocks  which  border  all 
the  coasts  of  the  Mediterranean,  aiford  them  iii  great  quan- 
tities; they  are  frequent  in  Livonia,  in  the  hills  of  Mounjt 
Ural,  and  in  the  steep  shores  which  form  the  .margin  of 
die  rivers  of  Siberia. 

The  fish,  though  there  are  some  also  found  In  calcareous  General  re* 
rock  and  in  freestone,  seem  to  have  been  enveloped  chiefly  """^ 
by  the  formation  of  the  marly  schists  ;  but  is  it  to  the  oil 
contained  by  the  fish,  that  some  of  these  schists  owe  their, 
bitumen,  and  others  their  urinous  odour  ?     This  opinion ' 
of  Werner  merits  examination. 

It  appears  that  amphibous  animals  did  not  exist  in  a  Amphi- 
great  number,  till  after  thie  age  in  which  the  fishes  were  ^^j/'"*^'^" 
produced.      Cray  fish,   however,   occur  at   Fappenheim, 
Glarus,  Verona,  and  in  other  places  by  the  side  of  the  fishes. 
An  entire  tortoise  was  found  in  the  soft  stone,  near  Ber- 
lingen  °.     In  the  environs  of  Brussels,  of  Aix,  in  Provence, 
and  in  the  quarries  of  the  great  Charonne,  near  Paris,  dif- 
ferent kinds  of  fossil  tortoises  have  been  met  with  p  ;  but 
the  most  remarkable  amphibious  remains  are  the  different 
kinds  of  lizards,  that  are  commonly  called^^^iZ  crocodiles,  Foggjj  ^^^ 
though  it  has  been  demonstrated  that  they  are  of  a  nature  ^ilcs. 
very  different  from  that  of  the  crocodiles,  and  partly  of  a 
species,  as  yet  unknown  *i.     The  coppery  schists  of  Thurin- 
gia,  furnish  specimens  in  considerable  numbers '{  and  they 

™  FaQJas,  Essai  de  Geplqgie,  tome  L  chap.  iv.  et  les  Annales  da  Museum. 
"  L«eibnitz,'Protogea,  §  26 — 31.  Tab.  vi.  viL  et  les  Dusertations  cities  pay- 
3ertrand,  Dictloniuure  des  Fossiles,  au  mot  Gloasopetra. 
«  Bergmann,  G^og.  Phys.  i.  276. 
P  Fai^asy  Greologte,  i.  187. 
4  Cuvier,  Annales  du  Museumi  xii.  73,  145,  &c. 
r  MiscelL  Berolinens.  1710,  p.  103* 
VOL.  I.  T 
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are  found  at  Elstou,  in  England,  inibedded  in  the  clay ; 
but  the  most  celebrated  are  those  which  have  Ijeen  disco- 
vered in  the  vast  quarries  of  Maestricht,  beneath  a  great 
calcareous  mass.  The  marine  fossil  animals  are  in  a  great 
measure  foreign  to  the  coast  of  those  countries  where  they 
have  been  found  buried. 

These  ani-      The  Abbd  Fortis  has  discovered  that  the  petrified  fishes  of 

Dials  are  Jf  omit  Bolca,in  the  Veronese,  had  their  corresponding  living 
qiecies  in  the  seas  of  Otaheite '.  According  to  LinnsBus,  the 
porpites  of  Gothland  appear  to  be  petrifactions  from  the 
medusas  of  India  \  The  madrepores,  so  abundant  in  the 
frozen  solitudes  of  Siberia,  exist  only  in  the  equatorial  and 
tropical  seas.  The  greater  part  of  the  petrified  shells  that 
are  found  in  England,  are  now  to  be  met  with,  occupied 
by  living  tenants,  only  in  the  Atlantic  Ocean,  towards  the 
coasts  of  Florida  \  Dicquemare  found  near  Havre,  a  shell, 
which  is  now  seen,  in  a  living  state,  oi^ly  at  Amboyna^ 
gcheuchzer  has  given  the  (description  of  many  of  the  fosa} 
shells  of  Gkrmany,  which  do  not  exist  in  a  living  state  in 
our  seas,  or  perhaps  in  any  qparter  of  the  globe.  It  ap- 
pears,  bayond  doubt,  that  the  animals  of  several  fossil  shells, 
such  as  the  ortho-ceratites,  the  ammonites,  the  gryphites, 
the  judaic  stones,  several  echinites,  and  others,  do  no  longer 
exist,  or  exist  only  in  th^  unfathomable  depths  of  the  sea. 
The  banks  of  these  kinds  of  fossil  shells,  are  called  pda->^ 

Pda^    giathy  whilst,  under  the  name  of  Uttorai  banksy  are  desig. 

^rAi^  nated  those  containing  indigenous  shells  deposited  by  the 
present  sea, 

We  cannot,  however,  with  confidence  assert,  that  there 
are  any  of  them  to  which  the  living  species  bear  a  perfect 
resemblance. 

But  can  this  observation,  which  holds  so  generally  true 
in  Europe,  and  the  north  of  Asia,  be  extended  to  Africa, 
South  America,  and  New  Holland?*  Do  we  find  therei 

*  Journal  de  Physique,  1786.  Mars,  page  16S. 

^  Linnieus,  Amcenitates  Academieas,  L  p.  91. ;  !▼•  tab.  2» 

^  Kalm,  Dissertatio  de  Qrftu  Pecrificat.  p.  7. 

?  Journal  de  Physique,  1776*  Janvier>  p.  3St 
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the  shells  and  fishes  of  our  northern  seas  ?  To  this  qucs- 
tioa  no  SAtisfactory  answer  can  yet  be  given.  The  testa- 
ceous fossils  that  occur  in  Lybia,  resemble  the  marine  ani- 
mals of  the  gulf  of  Arabia ;  but  we  are  assured  that  at  Fez, 
10  Morocco,  both  European  and  American  shells  are  fre- 
<|uently  foumf  mingled  together  7. 

Many  ringular  i»vcumstances  are  coosiected  with  these  Rcmarfc- 
monuments  of  the  history  of  our  globe.  The  petrified  and  ^^  ^' 
perfectly  preserved  shell  is  often  found  dkise  by  the  fiide  of 
several  others,  calcined,  worm-eaten,  and  destroyed.  Here 
the  beds  of  the  shells  lie  hori«Mitally,  with  the  concave  part 
upmost,  and  without  any  foreign  mixture  * ;  there,  as  is 
the  case  near  Uddevalla,  in  Sweden,  these  remains  are 
found  in  the  midst  of  fragments  of  granite,  of  sand,  and  of 
day,  jumbled  together  in  the  greatest  confusion  ^  Some 
fishes  have  been  fordbty  and  suddenly  enveloped  in  the 
•ubstanoe  which  contiuned  their  impression,  or  theu:  cast 
in  petrifaction  ^  We  can  still  perceive  the  violent  and 
coBvulave  oootorticmfl  into  which  these  animals  had  thrown 
themselv^  to  escape  the  terrible  catastrophe  of  which  they 
lure  the  monuments.  In  some  places,  the  proumity  of 
these  remains  to  a  variety  of  minerals,  present  singular  ap* 
pearances;  at  Jarlsberg,  in  Norway,  muscles  have  been 
found  in  a  mine  of  loadstone  %  and  petrified  shells,  with 
adhering  threads  of  gold  and  rilver,  have  been  met  with  in 
England  and  in  Siberia.  The  most  uncommon  objects  of  this 
kind  appear  to  be  the  muscles  that  occqr  in  cinnabar,  com« 
pletely  filled  with  that  metal  \ 

■  Thus,  bef<»re  our  stratified  mountains,  and  the  metals 
which  they  contain,  were  formed,  before  the  fragments  of 
these  mountains,  uniting  together,  produced  rocks  and 
^urths  of  accumulation,  the  globe  must  have  been  covered 

7  Bomguet,  Tnit6  des  PltffiaartMBf. 

»  Kalm,  TtmUf  ftc  u  29S,  (en  Su^dM) 

•  Wallenitt,  Dufortat.  de  CoUibas  UddewTaOeinilMs. 

>  Voyez  Pitctmn  Querela  et  ViiidkuB«  pas  Scbeudiscr,  ftc« 

«  Cnmstedt,  Min^nangiis  p.  SSi.  (ea  go^) 

4  JSei^maim,  Geog.  Pbys.  i.  SOI* 
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in  a  great  measure,  and  at.diffierent  periods,  sometimes 
with  the  waters  of  the  ocean,  sometimes  with  a  body  of 
fresh  water,  and,  lastly,  with  several  fluids  of  an  unknown 
nature,  impregnated  with  substances  which  have  enveloped 
the  madrepores,  the  sjiells  of  marine,  and  of  fresh  water 
animals,  and  the  fishes,  whose  petrifactions  or  impressions 
we  find  heaped  up  one  above  another.  In  the  immense 
succession  of  ages  which  these  tranquil  formations  required, 
interrupted  from  time  to  time  by  violent  revolutions,  it  ap- 
pears  either  that  the  inammiferous  animals,  the  birds,  and 
the  great  cetaceous  tribes  did  not  yet  exist,  or  that  they 
existed  in  a  situation  which  secured  them  agidnst  the  efi^ects 
of  those  catastrophes  which  buried  the  countless  genera- 
tions of  the  lesser  sea  animals  in  the  bowels  of  the  earth. 

Bemains  of     There  have  not,  at  least,  been  found  any  remains  of  the 

^^^IJ*  mammiferous,  nor  of  the  cetaceous  race,  decidedly  covered 
over  with  a  regular  stony  bed.  The  instance  of  the  bones 
of  an  elephant,  found  under  a  calcareous  bank  in  England) 
requires  to  be  more  completely  verified  ^  The  fossil  teeth 
of  the  trkhecus  rosmans^  found  in  Eastern  Siberia,  and 
the  skeletons  of  whales  discovered  at  Quebec^,  and  at  Tis- 
tedal  in  Norway  ^,  were  lying  in  beds  of  moveable  earth. 

Birds  and  Petrifactions  and  impressions  of  insects  and  birdsy  are  less 
common,  and  seldom  very  distinctly  marked.  The  ac- 
counts of  honey-combs,  petrified  with  bees,  lava,,  and  eggs, 
found  in  a  cavern  of  Upper  Egypt,  requires  additional 
confirmation  \  The  oldest  remains  of  birds  are  met  with 
in  the  marly  schists  of  Pappenheim  and  (Ehningen  *.  The 
others  are  in  general  only  incrustations  of  calcareous  tufa, 
and  consequently  of  the  last  age  of  geological  revolutions  K 

Kcmains  of      We  proceed  now  to  examine  the  remains  of  quadrupeds ; 

quadra-      these  are  found  accumulated  in  recions  where  similar  ani- 
peds.  ^  " 

'  •  Pennant's  Works,  xv.  158.    Comp.  Cuvier,  M^moires  tar  les  Elephant 
FossOes  et  Vivans.  Annal.  da  Museum,  yiif.  41* 

'  Kalm,  Voyage  d'Ameriqae,  &c.  iii.  247,  (en  Sued.) 

s  Ponioppidan,  Hist  Nat.  de  la  Norwege,  L  63,  (en  Dam> 

^  Lippi»  Mipa.  de  I'Acad^mie  de  Paris,  1T05. 

*  Scheuchzer,  Vindic.  Pjsdum,  tab.  2. 

*  Bergmann,  Gcograpli.  Physiq,  i.  275. 
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mals  do  not  now  exist.     Some  are  buried  deep  in  beds  of 
gypsum,  as  the  kinds  now  unknown,  and   which  Cuvier 
may  be  siud  to  have  resuscitated,  namely,  the  palaoihetium 
and  the  anophtherium,  with  their  different  varieties^  found  istjngjp. 
in  beds  of  gypsum  in  the  environs  of  Paris*;  others  are**"^ 
met  with  in  beds  of  sand  or  marshy  ground,  as  the  greater 
part  of  the  bones  of  elephants ;  the  megalonj/x,  an  ani- 
mal unknown,  but  of  the  tribe  of  sloths,  having  the  shape  2d,  In  the 
of  an  ox,  and  found  in  Vii^nia"* ;  and  the  megtUheriumj^'^'''^ 
discovered  near  Buenos  Ayres,  and  which  joins  to  a  char- 
acter approaching  that  of  the   sloth,  the  bulk  of  a  rhi- 
noceros ''.     There  are  some,  indeed,  which  present  them- 
selves to  view,  accumulated  in  vast  caverns,  and  destitute  3d,  In  the 
of  any  envelope ;  it  is  thus  that  the  Jbs^U  unicorn  has  ^^*^"* 
been  found  in  the  caverns  of  Harzdorf  and  of  Baumann, 
in  the  tnountain  of  Hartz,  and  the  fossil  bear  in  those  of 
Gailenreuth  and  of  Maggendorf,  in  the  country  of  Ba- 
reuth  ^.     The  fossil  remains  of  this  genus  are  not  less  ge- 
nerally extended  over  the  globe  than  those  marine  animals. 
The  Jbssil  elephant ^  which  is  of  a  kind  as  different  from  Fossil  ele- 
that  of  India  and  Africa,  as  the  horse  is  from  the  ass  p,  hasP'^'^^* 
left  proofs  of  its  ancient  existence  in  all  Europe,  in  North- 
ern Asia,  and  in  the  New  World.     We  know  that  Sibenain  Siberia. 
annually  exports  a  Considerable  quantity  of  fossil  ivory  ^  ;- 
a  substance  which  abounds  very  much  in  that  country.. 
It  is  almost  alwavs  seen  where  the  water  of  the  rivers  un-* 
dermine  the  light  soils  which  form  their  borders.     The 
islands  of  Lachof,  situated  to  the  north  of  Siberia,  are,  ac- 

I  Cuvier,  Mem.  sur  les  os  FossUes  de  U  Pierre  &  Pl&tre  des  Environs  de 
Paris.  AnnaL  du  Museum,  iiL  275,  364,  442. ;  iv.  66. ;  vL  253. 

■  Id.  ibid.  V.  358. 

"  Id.  ibidy  V.  376.  Description  des  os  de  Megatheriam,  par  Bxu,  ibid. 
388. 

*  BlameDbacb,  Specimen  AtcbsBoUigte  Tellttris,  1.  c  id.  Manud  d*His- 
toire  Naturelle,  695,  (en  All.) 

P  Cuvier*  Sur  les  Elephans  Vivans  et  Fossiles,  AunaL  du  Museum,  viii. 
265. 

4  Momotova  kosti,  c.  ^  d.  os  de  Mammout  ou  Momot  Momotova  est 
Ic  gfenitif  pluziel  en  Biase. 
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coring  to  m  modern  tm^eUep,  only  hemps  et  mnd^  ice,  tad 
|poiN9i  of  eiephantt  and  lUnoceroii^  mxtA  with  thoie  of 
great  cetaceous  koHiiala^  and  eveo^  ^leeabty  to  the  latest 
acoountoy  with  the  retnakm  of  gigantie  fNxds. 

Tfaere  have  even  been,  found  in  Siberia,  whole  carcases 
of  the  elephant,  which  is  named  motnoi  or  mamamM^  e^ 
vered  with  their  flesh  and  skin,  preserved  by  the  frost 
f\)fiiicl^  which  prevails  in  these  regions ^  In  Europe,  it  is  Grer* 
£^r^  many  which  has  furnidied  the  greatest  number,  <<  beeause," 
says  M.  Cuvier,  **  it  is  in  this  empire  that  there  is  no  caiK 
ton  without  some  well  informed  person  capable  of  making 
researches,  and  pubUshiog  whatever  is  interesting  in  hk( 
discoveries.*^  The  skel^on  of  the  elephant  found  at  Tonna, 
in  Thuringia,  was  imbedded  in  a  sandy  mari,  covered  over 
with  layers  of  calcareous  ti;rfa,  which  in  that  country  fills 
ihe  cavities  of  calcareous  stratified  earth  K  In  France,  a 
great  many  bones  of  the  elephimt  have  been  met  with 
^nce  the  <£scovery  of  those  in  Daupiiiny,  which  were  taken 
al  first  for  the  remains  of  a  giant,  or  of  Tentobochus,  king 
of  the  Teutons  V  until  die  appesirance  of  those  bones  whicb 
were  lately  discovered  in  the  forest  of  Bcmdi,  and  which 
are  buried<  deep  in  a  black  earth,  covered  over  by  sand 
Bused  whik  clay  and  marl  ^  Italy  has  furnished  a  har« 
vest  almost  as  abundant!  as  Gptaemaiay. .  The  other  countries 
of  Europe  «re  not  without  them,  England  contains  severaL 
Ostrebethoia  supplies^  us  with,  one  specimen.  If  we  pass 
the  Atlantic  Oceui,  the  New  World  presents  three  tsact^ 
In  Tceiand  of  land  in-  which  they  are  found.  In  Iceland,  one  toolh 
of  an  elephant  has  been  discovered  \  North  America  con^ 
tains  some  scattered  bones,  and  several  have  been  brought 
from  the  upland  pLun  of  Quito  by  Humboldt  y. 

'  AdAms,  Voyage  a  la  Mer  Glaeiale,  AimaL  du  Museum. 

*  Frcideben,  Description  MhienL  du  Cantofr  do  Butg-Tonsa,  daos  It  Ma- 
gaetn  de  la  Sdenoe  du  Mineur,  voL  x.  p.  51. 

*  Faigas,  AxiwA,  da  Mruskfom^  m  24» 

*  Cuvier,  Aunal.  du  Muafum,  viU.  21. 

*  Bertlnlhty  Acta  Mediev  Hafb-.  i.  SS. 
y  Humboldt,  citi  pa^  CuTier,  Annal.  du  Mus.  Tim  5T« 
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Kext  W  the  maninoth^  or  fossil  elephant,  we  should  mex^ 
tion  the  moitodoniei  an  animal  nearly  sioular  to  the  ele-  M asto- 
{»hant,  and  like  him  graminivorous,  although  its  teeth  are^y|^!^^°^ 
furnished  with  many  elevations.  This  animal,  whidi  the 
Anglo-Americans  confound  wkh  the  true  mammoth,  of 
which  thete  are  fite  distinct  kinds,  all  unknown  in  a  living 
state  S  has  left  its  imposing  remsdns  upon  both  continents, 
for  it  is  to  a  species  of  mastodonte  that  we  must  refer, 
amongst  others,  the  grinders,  which  are  changed  into  tur- 
quoises, found  near  Simorre,  in  the  department  of  Gers, 
&nd  which  had  been  at  first  attributed  to  an  elephant  *.  It 
is  trpon  the  banks  of  the  Ohio  and  of  Hudson'^s  River,  in  the 
United  States,  that  the  hugest  remains  of  the  mastodontes 
Are  fo^nd  ;  they  have  also  been  met  with  in  Lower  Loui- 
siana ^  Humboldt  has  discovered  the  bones  of  another 
spedes  in  the  high  plains  of  Quito,  at  the  foot  of  the  vol- 
cano Inibabura,  and  in  the  place  called  the  Field  ofihe 
(Hants ^  from  700  to  600  feet  above  the  level  of  the  sea. 

The  fossil  bones  of  the  rhinoceros  and  hippopotamus,  be-  Bones  of 
lonff  to  species  different  from  those  which  exist  in  the  present  J»°o«®"»» 

o         r^  ....  nippopata- 

ddy.  They  are  often  found  in  the  immediate  vicinity  of  the  mus,  &c 
remains  of  the  elephants.     The  most  remarkale  remains  of 
the  rhinoceros  is  the  head,  which  has  been  taken  out  al- 
most untouched  from  the  turf  pits,  on  the  Wiloui,  a  river 
of  Siberia. 

Amongst  the  fossil  animals  called  iapirs^  there  has  Gigantic 
been  found  a  variety,  whose  dimensions  are  gigandc.  Some^ 
kinds  of  animals  now  very  small,  and  whose  wei&ness  leaves 
them  an  easy  prey  to  the  more  powerful,  appear  from 
their  fossil  remains  to  have  once  rivalled  the  strongest 
animals.  Of  this  number  we  have  already  mentioned  two 
kinds,  approaching  to  that  of  the  sloth,  one  of  which  has 

■  Cuvier,  AnnaL  du  Mui6ixin,  Tm.  412. 

*  Cuvier,  AnnaL  du  Museum,  no.  14,  p.  132«  "Fnajas  SanuFoDd,  Jour- 
tttl  de  Fhydque,  1794  Decembre,  p^  445. 

^  Peales*  Historical  DisquiaitioD,  &c.  Londont  1803.  Vdlaey,  Tableau,  da 
Climat  des  Etats  Unis,  L  100.  Cuvier,  sur  le  Grand  Mastodonte,  AnnaL 
du  Museum,  viii.  270,  tgqi 
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been  found  in  Virgiaia,  the  other  in  the  environs  of  Bu^os 
Ayres  ^  the  fir^t  is  the  megdlom/w^  of  the  shape  of  an  ox^ 
the  other  the  inegaiherium,  which  has  the  dimensions  of  an 
elephant  ^. 
Foss'd  re.        We  cannot  enumerate,  kind  by  kind,  the  yarioufi  ani- 
nrrdvoroos  ^'^^  ^^  which  fossil  fragments  are  to  be  found,  and  we 
and  rami-    shall  abstain  from  inquiring  whether  the  carnivorous  ani- 
^a^g  M»i-  jjiais^  of  which  the  caverns  of  Germany  contains  so  many 
remains,  are  different  from  the  bears,  the  lions^  and  the 
hyenas  of  the  present  age,  and  from  any  attempt  to  resolve 
the  doubts  which  still  remain  respecting  the  fossil  frag^ 
menta  of  ruminating  animals,  among  which  the  elk  tyflce^ 
landy  and  the  great  buffalo  of  Siberia,  hold  the  first  rank^. 
The  variegated  marbles  of  Gibraltar, Cette,  and  other  places, 
exhibit  also,  under  circumstances  that  are  quite  inexplica- 
ble, innumerable  bones  of  ruminating  animals,  analogous 
to  the  living  kinds  in  Europe.     At  the  same  time  we  must 
not  omit  to  mention  the  curious  discovery  of  the  skeleton 
Opossum,    of  an  animal  of  the  opossum  kind,  found  in  the  plaster 
stones  of  the  environs  of  Paris.     This  very  particular  spe- 
cies is  now  no  where  to  be  found  but  in  South  America  ^ 

These  discoveries,  though  as  yet  scarcely  commenced, 
have  thrown  already  a  new  hgbt  upon  the  revolutions  which 
.  pur  globe  must  have  undergone,  and  upon  the  states  which 
must  have  preceded  the  present  course  and  constituUon  of 
nature. 
Of  tfaeeri-       How  many  species  of  animals  are  there  extinct,  and  by: 
^gjjygjjjj'what  various  revolutions!  The  animals,  the  remains  of 
which  are  now  found  in  caverns,  evidently  appear  to  have 
retired  thither  of  themselves  to  seek  shelter  from  some  sud- 
den revolution,  the  irresistible  violence  of  which,  notwith- 
standing, involved  them  in  general  destruction  ^,     Were 
they  flying  from  a  sudden  inundation  ?  Did  they  implore 

•  See  abore,  p.  277. 

•  Cuvier,  sur  les  Os  FossUes  des  Ruminans,  dans  lea  AnnaL  du  Mus^oai^ 
zH.  333,  *qq. 

•  Id.  ibid.  T.  277—292. 

'BlumeDbacfa,  Specimen  Archawlogiae,  etc,  et&  L  c. 
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of  these  caverns  protection  fiieni  some  baoeful  altefation  dP 
climate  ?  Or  did  they  use  them  asspacioiis  oemeteries  for 
the  regiiUr  interment  of  their  dead,  according  to  the  re- 
ported habits  of  the  elephants  of  Africa?  In  every  instance, 
the  almost  entire  state  in  which  many  of  thdr  bones  are 
found,  and  the  nature  of  the  calcveous  tufa  with  which  the 
others  are  surrounded,  evidently  shew  the  recent  date  of 
this  last  revolution  of  the  globe. 

The  animals  whose  remains  are  found  in  sudi  gKat^ng^Qof. 
quantities  in  gypsum^  are  generally  of  one  single  kind;  or  fo^a  in 
at  least  of  one  tribe.     This  circumstance  occurs  only  in  the  <^yp^™* 
islands  or  insulated  continents ;  it  would  h^ice  appear,  that 
these  animals  inhabited  small  portions  of  land  which  atone 
period  were  engulphed  in  the  sea  ^. 

The  light  soils  which  fill  the  bottdms  of  the  valleys^  and  Origin  of 
which  cover  the  surface  of  great  plains,  have  furnished  us  found  in  the 
with  the  single  orders  of  pachidermei  and  elephants,  bones  ^*8^*  "'^ 
of  eleven  species,  namely,  a  rhinoceros^  two  hippopotami, 
two  tapirs,  an  elephant ^  and  five  mastodontes  \   Ail  these 
eleven  spedes  are  now  absolutely  strangers  to  the  climates 
where  their  bones  are  found.     The  five  mastodontes  alone 
can  be  considered  as  forming  a  genus  separate  and  un- 
known, but  very  nearly  allied  to  that  of  the  elephant     All 
the  others  belong  to  kinds  now  existing  in  the  torrid  zone ; 
and  three    of  these  living  kinds  are  found  on  the  an- 
cient continent,  namely,  the  rhinoceros,  the  hippopotamiis,' 
and  the  elephants.    The  fourth,  that  of  tapir,  exists  only 
in  the  new.     The  same  distribution  does  not  hold  as  to  die 
fossil  animals.     It  is  in  the  ancient  continent  that  the  bones 
of  the  tapir  have  been  dug  up ;  and  there  have  been  some^ 
bones  of  elephants  found  in  the  new.     These  species,  be- 
longing to  known  ^n^ra,  differ,  notwithstanding,  essentially 
from  the  known  spesies  ;  they  must  therefore  be  conmdered 
as  particular  species,  and  not  merely  as  particular  varieties. 
The  subject  cannot  admit  of  any  dispute  as  to  the  small 

K  Cuvier,  Anna!,  du  Museum,  xii  386. 
^  Id.  Annalet  du  Museum,  viii.  421,  9^, 
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bippofiotiiuisi  and  the  pgm^e  tapir  i  It  is  ato  very 
dear  wkh  respeot  to  the  fodiil  f  hiiiaoerosy  and  extremely 
probaUe  as  to  tlie  elephant  and  fossil  tapir.  The  great 
hqf^potamug  is  the  only  me  of  the  eleven  quadrupeds 
oooceming  whidi  there  rcftanin  any  doubts. 

These  diflbient  bones  are  buried  afanost  every  where -in 
beds  neaity  abke*  They  are  often  mixed  in  confusion  with 
some  other  animals  as  nearly  resembling  those  of  the  pre- 
sent time.  These  beds  are  generally  light,  either  sandy 
or  marly,  and  always  more  or  less  near  to  the  surface.  It 
is  probable,  therefore,  that  these  bones  have  been  envelop- 
ed by  the  last  revolution  of  the  globe.  In  many  places 
they  are  accompanied  by  the  aoeunmlated  exuviae  c^  ma- 
rine animals.  But  there  are  some  places  which  do  not  a£» 
ford  any  of  these  exuviae.  Sometimes  even  the  sand  or  the 
marl  which  covers  iJiem  over,  contd^ns  only  fresh  water 
shells.  Akhougfa  a  small  number  of  shells  attached  to  these 
fossil  bones  indicate  that  they  have  remained  some  time' 
under  water,  no  very  authentic  account  attests  that  they 
are  found  bienealh  regular  stony  banks,  fitted  with  marhke 
dielbr,  nor  coMseqiiently  that  the  sea  had  covered  them  for 
a  great  \engik  of  tiitoe  K 

The  caitastfophe  whidi  has  covered  them  over,  if^nld  ap^ 
pear  dien  to  have  been  a  great  but  trannent  inundation  of 
the  sea,  if  these  bones  had  not  been  found  upon  the  top  of 
h^  moantidns,  where  the  present  sea  at  least  could  not 
have  reached  in  its  most  violent  agitations.  On  the  other 
hand,  these  bimes  presenling  no  trace  of  having  been  rolled 
«p  and  down,  occurring  only  fractured,  as  we  find  those  of 
oar  domestic  aBiimals,  imd  sometimes  joined  together  in  tlie 
forti  of  skeletons,  often  even  as  it  were  heaped  up  in  com- 
mon cemeteries,  clearly  demonstrate  that  the  catastrophe 
\rhtch  has  destroyed  the  living  beings  to  which  they  be- 
longed, must  have  overtaken  them  in  the  same  climates 
where  we  meet  with  these  records  of  their  former  existence. 

These  two  conclusions,  drawn  from  evident  facts,  destroy 

»• 

>  Cuvier,  vuL  260,  ^22. 


the  hjpotfaeab  aooMdiog  to  whidi  the  exiiiietion  of  diese^ 
animals  would  be  the  immediate  eflfect  of  a  great  revolution 
of  the  temperature  of  the  globe;  for  such  a  revolution 
would  have  still  permitted  these  animals  to  seek  another 
habitation.  Nothing  bendes  in  the  structrare  of  these  ani- 
mals positively  announces  that  they  could  not  have  lived  in 
a  cold  climate ;  only  the  quantity  of  nourishment  which 
such  huge  ammated  masses  required,  and  their  numbers^ 
pnoved  by  the  existence  of  the  carnivorous  kinds,  render  it 
probable  that  the  countries  where  we  find  their  remains, 
once  enjoyed  a  temperature,  if  not  wanner,  at  least  more  fa- 
Tourabie  to  vegetation. 

The  total  absence  of  human  bones  in  these  dEfferent  col-  Human 
lecdons  of  remains,  proves  that  man  did  not  exist  anterior    '^^ 
to  the  last  revolution  of  the  globe. 

Thus  have  we  hastily  surveyed  the  immense  series  of  the 
solid  substances  which  form  the  crust  of  our  globe,  from  the 
granite  summit  of  the  Alps  to  the  bottom  of  the  deepest 
mines ;  and  every  thing  we  have  met  with  has  suggested 
the  existence  of  a  fluid  substance,  without  which  the  solid 
masses  would  not  have  experienced  either  those  decompo- 
sitions, nor  those  re-unions  of  which  we  have  pere^ved  the 
most  evident  traces.  Here  then  we  shall  cbse  our  gedogt- 
!»/ observations,  and  proceed  to  hydrclagy,  or  die  theory  of 
the  waters  spread  over  the  imrface  of  the  globe. 
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Continuation  of  the  Theory  of  Geography.     Of  Water  in 
general.    Of  Springs^  Rivere  and  Lakes. 

I^JU^"*  Water,  in  its  pure  state,  is  a  transparent  fluid,  without 
colour  or  smell,  and  possessing  great  mobility.  It  presents 
itself  under  three  forms  of  aggregation,  as  a  solid  when  it- 
is  ioe ;  as  a  liquid,  when  it  is  called  water ;  and,  lastly,  as 
a  vapour  or  atmospheric  gas.  Water  was  long  regarded  as 
an  element,  but  modern  chemistry  reckons  among  its  tri- 
umphs  the  discovery  of  the  elementary  substances,  of  which 
even  water  is  ooqaposed. 

Water,  in  its  state  of  purity,  contains  85  hundreth  parts 
of  oxygen  gas,  or  pure  air,  combined  with  1 5  hundreth 
parts  of  hydrogen  gas  or  inflammable  air  ;  but  we  very  sel- 
dom find  water  perfectly  pure,  as  it  generally  holds  in  so- 
lution  siliceous,  calcareous,  and  metallic  particles,  acids, 
and  sulphur.  The  air  is  dissolved  by  water,  which  it  dis- 
solves in  its  turn,  and  in  a  still  greater  proportion.  It  is 
even  probable  that  the  whole  earth,  or  at  least  the  exterior 
crust  of  our  globe,  was  once  in  a  state  of  mechanical  or  che- 
mical solution  by  the  agency  of  an  aqueous  fluid.  We  wish 
to  pursue  a  course  independent  of  all  system,  beginning 
with  those  circumstances  which  are  most  easily  observed, 
and  advancing  from  the  smaller  to  the  greater  objects. 
Spnogi.  Springs  are  so  many  Uttle  reservoirs,  which  receive  their 

waters  from  the  neighbouring  ground,  through  small  lateral 
canals,  and  which  discharge  their  excess  either  by  overflow- 
ing or  in  some  other  manner. 

The  origin  of  springs  cannot  be  referred  to  one  exclusive 
cause :  nature,  simple  in  her  general  laws,  avails  herself  of 
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a  great  variety  of  means ;  thus  the  precipitation  of  atmo- 
spheric vapours,  the  dissolving  of  ice,  the  filtering  of  sea 
waters,  and  the  explosion  of  subterraneous  vapours,  all  con<« 
cur  in  the  formation  of  sprii^s  •. 

Mount^ns,  as  is  obvious  to  the  most  isuperficial  obsenr-Vapoimau 
er,  attract  the  fogs  and  clouds  wluch  float  around  them.  AsSSj^^ 
the  cold  is  increased  in  proportion  to  the  increase  of  eleva* 
lion,  it  necessarily  follows  that  more  snow  must  fall,  and 
more  will  be  formed  on  the  mountains  than  on  the  plains.: 
These  are  the  two  principal  apparent  causes  which  contri- 
bute  to  saturate  mountains  with  the  water  which  flows  from 
them  in  all  directions.  But  are  these  the  only  causes  ? 
Are  we  to  believe  that  those  extensive  lakes  which  are  met 
with  at  considerable  elevations,  and  the  glaciers  which  cover 
the  Alps,  have  been  gradually  formed  by  the  ndn  and 
snow,  or  must  we  admit  that,  at  the  origin  of  things,  at- 
the  period  when  extensive  crystallizatioivs  took  place,  the 
^ater  united  itself  by  a  kind  of  elective  attraction  to.certaia 
^ubstaqqes,  in  ppefericnce  to  the.  rest  of  the  earth  ? 

The  opinion  of  the  ancients  ^nd.  of  Descartes,  who  attri-,Filtmtioi| 
buted  the  origin  of  springs  to  the  filtration  of  the  waters  of  *^^***  ^**^ 
the  sea,  is  not  entirely  groundless.  It  is  true,  that. all  xun-, 
mng  waters  have  their  sources  far  above  the  level  of  the. 
sea.  The  direct  filtration  of  sea  water,  can  take  place  no 
where  except  in  pools,  which  are  separated  from  the  ocean 
only  by  flat  and  sandy  ground.  But  the  phenomena  of  ca^ 
pillary  tubes  may  obtain  in  the  interior  of  the  earth«  The 
sea  waters,  deprived  of  their  salt  and  bitter  elements,  may  as^ 
pend  through  the  imperceptible  pores  of  several  rocks,  from 
which,  being  disengaged  by  the  heat,  they  will  form  those 
subterraneous  vapours  to  which  many  springs  owe  their 
origin.  We  may  here  quote  the  example  of  the  Chartreux, 
^ho,  seeing  their  springs  dried  up,  and  learning  that  thicl^ 
vapours  were  observed  to  ascend  from  a  neighbouring 
quarry  newly  opened,  they  bought  the  quarry,  closed  it  up, 
and  beheld  their  springs  reappear  \     A  similar  occurrence 

*  Bergmann,  Geographie-Phjsiquet  L  325*-334. 
•»  X'crrault,  (Euyrce  Diverse^,  p.  819. 
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happened  in  Sclavonia  ^  The  change  of  the  saline  matter 
in  sea  water  is  satisfactorily  prayed  from  the  diminution  of 
the  ^altness  in  the  springs,  which  evidently  originate  from 
such  titrations  ^.  The  fresh,  as  well  as  the  salt  springs  in 
Bermuda,  rise  and  fall  widi  the  ebb  and  flow  of  the  tide^ 
FOtatioQ  It  was  formerly  thought  that  rsia  water  did  not  pe^e- 
trat^  to  any  great  depth  in  the  earth,  but  was  entirely  ab- 
sorbed  by  the  first  strata  of  the  ^oil,  and  that  it  fell  in  too 
small  a  quantity  to  afford  supplies,  either  to  torrents  or  to 
rivers.  But,  if  we  observe  the  disposition  of  those  strata 
which  compose  the  surface  of  the  globe,  we  shall  find  them 
all  more  or  less  inclined,  overturned  and  cracked,  from  the 
numerous  convulsions  which  they  have  undergone,  (h*  from 
the  manner  in  which  tbisy  have  been  formed.  The  rain 
water  flows  rapidly  through  the  interstices  and  cracks  of  the 
upper  strata,  and  does  not  stop  yntil  it  arrives  at  the  clayey 
part  of  the  scnls^  which  is  the  general  termination  of  its  fiU 
tering,  fiXkd  forms  its  natural  reservoirs.  Observation  ha* 
fiso  proved,  that  rain  water  filters  down  to  very  great 
depths*  In  the  coal  mines  of  AuvergntT^,  it  has  been  seen 
to  penetrate  as  ftr  as  S50  feet.  In  Misnia,  a  town  an4 
district  of  Saxony,  called  also  Meissen,  rain  water  has  been 
observed  to  distil  in  drops  frpm  the  ropf  of  a  mine  1600 
feet  deep  '. 

The  snow  and  ice,  it  must  be  admittedy  in  some  coun^ 
tries,  produce  a  greater  quantity  of  running  water  than  the 
rain,  the  dews,  Qnd  the  aqueous  vapours.  But,  in  order  to 
conceive  how  much  the  slow  and  gentle,  but  uninterrupted 
influence  of  these  latter  agents  contribute  to  the  formation 
of  springs,  we  have  only  to  consider  Apulia  and  other  pen- 
insulas, almost  destitute  of  running  water,  because  their 
mounttdns  do  Qot  constitute  a  mass  sufiicient,  either  from  its 
flevation  or  its  bulk,  to  attract  and  ret^n  the  aqueous  vih 

*  BergmaoB,  ibid.  331. 
A  Lulof,  G^.»Phynque,  §  3^8. 
^  ^  Norwood,  FhUosoph.  Tmuacdons  abridged,  iL  2§8. 
'  Le  Monnier,  Obiervations  d'Hist  NatoieUei  p.  194^ 
I  Mufchepbxoeky  Ipstit.  Fhys.  §  89^ 
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pours  pf  the  iitmosphere.  On  the  same  principle,  that  it  is 
from  the  sea  the  atmosphere  exhales  its  water  in  the  gaseous 
form,  it  is  easy  to  explain  why  the  interior  of  many  great  ' 

continents,  such  as  Africa  and  Asia,  contmn  such  barrep 
deserts.  If  the  two  Americas  are  more  abundantly  yr^ter^ 
ed,  they  owe  it  to  the  extent  and  elevation  of  their  moun^ 
tains,  as  well  as  to  the  continuity  of  their  declivities. 

The  water  which  circulates  on  the  surface  of  the  globe  ^o^on  of 
has  generally  no  other  principle  of  motion  than  its  own^^^^'^ 
specific  gravity,  ^nd  the  declivity  of  the  earth.     It  is  this 
declivity  which  carries  it  from  mountmn  to  mountun,  fnim 
valley  to  valley,  untjil  it  falls  into  the  basin  of  the  ocean. 

The  ^pouting  springs,  which  sometimes  forpt  natural  Spouting 
jets  of  water,  follow  the  same  rules  of  equiliblium  as  the.^^™*^ 
others,  except  that  the  c^als  which  furnish  them  with 
water  come  ^roni  great  elevations,  ^d  with  a  rapid  descent^ 
Waters  thus  carried  into  a  subterraneous  reservoir,  finding 
them^lves  closely  confined,  burst  fo^th  in  consequence  of 
the  pressure,  just  like  those  water  spouting  fountains  and 
works  with  which  art  embellishes  our  gardens.  Springs  ^ 
pailing  wcUeTf  which  appear  to  accompany  the  volcanos,  pro* 
bably  obey  the  same  laws.  A  French  naturalist,  however^ 
ijs  of  opinion,  that  the  majestic  phenomena  of  tho  spring 
called  the  Geyser,  in  Iceland,  were  produced  by  subter-i 
ranean  vapours,  which,  suddenly  bursting  forth,  raise  ai| 
immense  body  of  water  resembling  the  ancient  crater  oE 
a  volcano  \  But  it  is  more  probable  that  this  spring  re^ 
ceives  its  waters  from  the  neighbouring  heights. 

The  intermitting JbuntainSy  particularly  such  as  rise  and^°^^™^^' 
fall  at  regular  periods,  so  excited  the  wonder  of  the  people,  riodiod 
that  they  give  them  the  name  of  miractdous /buntains*^^^^^^^^ 
The  periodical  fountain  of  Como  in  Italy,  has  been  describe 
led  by  Pliny ;  it  rises  and  falls  every  hour  K     There  is  an^. 
other  in  the  town  of  Colmars,  in  Provence,  which  rises  eight 
^es  in  an  hour.     Ther^  is  one  at  Fronzanche^,  in  Lan? 

»  Del«ro^lherie,  Th^rie  de  la  Tene,  it.  309,  (2d  edit.) 

*  Pliny,  i  i|.  c.  103.    Scheuchzer^  Hydn^pnph.  Hfhetica,  p.  126. 
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gu^doe,   the  period  of    whose  rising  is    each   day   fifty 
minutes  later  than  the  preceding  day  K   The  round  Jbuti^ 
tain,  on  the  road  from  Pontarlier  to  Touillon,  in  Franche.- 
Comte,  rises   with  a  boiling  appearance.      The  BuUer^ 
bom,  in  the  bishopric  of  Paderborn,  in  Westphalia,  rises 
with  great  noise.     Near   Brest,  there  is  a  well  75 .  feet 
from  the  sea,  which  sinks  with  the  flow  and  rises  with  the 
ebbing  of  the  sea  \     England  furnishes  many  examples  of 
these  springs,  one  pardcularly  near  Torbay,  in  Devonshire, 
and  one  at  Buxton,  in  Derbyshire.     According  to  Gruner, 
there  is  one  at  Engstler,  in  the  canton  of  Berne,  which  has 
a  double  intermission  daily  and  annually  ™,   But  of  ail  these 
kinds  of  springs,  of  which  many  more  examples  might  be 
adduced,  none  exhitdts  a  perfectly  regular  course.     These 
q)rings  are  accounted  for  by  supposing,  that  in  the  lands 
where  they  are  atuated,  there  aire  reservoirs  and  conducting 
pipes  in  the  form  of  sy^Aons.     It  is  perhaps  unnecessary  to 
ex[^n,  that  the  liquid  begins  to  flow  through  the  syphon 
as  soon  as  the  surface  of  the  liquid  in  which  oixe  end  of  the 
tube  is  placed  on  a  level  with  the  ourv.ature  of  the  two 
branches ;  and  the  flowing  continues  as  long  as  the  fluid 
keeps  above  the  orifice  of  the. branch  or  end  inserted  in  iu 
The  moment  the  orifice  ceases  to  be  immersed  in  the  liquid^ 
the  flowing  ceases,  and  it  recommences  as  soon  as  the  re-? 
servoir  is  filled  to  the  level  of  the  bending.     With  respect 
to  the  reservoirs  which  supply  these  fountains,  drought, 
rain,  and  the  melting  of  the  snow,  may  so  affect  them,  as  to 
render  their,  periodical  return  more  or  less  regular.     The, 
connection  subsisting  between  the  greater  or  less  humidity 
of  the  atmosphere,  and  the  reservoirs  of  intermitting  foun* 
tmns,  justifies  to  a  certain  degree  the  conjectures  which  are 
sometimes  formed  from  the  movements  of  these  springs  as 
to  the  nature  of  the  approaching  season,  conjectures  which 
Fmmtains  have  given  to  some  of  them  the  names  of  fountain  of  deartl^ 
9ud]^\cnty,  aad plenty^, 

^  Astruc,  Histoire  Natiuelle  de  Languedoc  U  de  la  Proveuce, 

1  journal  de  Tit^toux,  1728,  Octobre. 

>"  Scheuchzer,  Iter  Alpin.  26,  it  404. 

»  Kant,  G^ographie^'hysiquc,  ii,  part.  2.  p*  224', 
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It  is  natural  to  imagine,  that  many  channels  of  water  not  Subtenane- 
findingany  other  suitable  outlet,  flow  into  subterraneous  ^^^'■^^^ 
cavities,  are  absorbed  by  the  earth,  or  discharge  themselves 
below  ground  into  the  sea.  We  may  thus  explain  the  ori- 
gin of  those  springs  of  &esh  water  that  are  to  be  seen 
spouting  up  eren  in  the  midst  of  the  waves  of  the  ocean. 
The  water  thrown  up  by  volcanos,  the  sudden  and  terrible 
inundations  of  mines,  the  number  of  rivers  which  disi^pear, 
themountmns  suddenly  engulphed  in  the  bosom  of  new  lakes, 
all  these  facts  combine  in  proving,  that  there  are  consider- 
able subterraneous  cavities,  often  filled  with  water.  The 
necessity  of  supplying  the  scarcity  of  springs  by  digging 
wells,  has  procured  us  the  knowledge  of  a  fact  still  more 
interesting  to  physical  geography.  It  appears,  that  there 
are  lakes,  or  rather  sheets  of  water,  which  extend  under 
ground  to  considerable  distances.  Delametherie  relates  ^, 
that  in  the  province  of  Artois,  near  Aire,  in  digging  wells, 
they  always  come  to  a  clayey  bed,  which,  being  pierced,  the 
water  gushes  out  in  large  bubbles,  and,  rising  up,  forms 
springs  which  continually  flow.  In  the  country  of  Modena, 
we  find  every  where,  at  the  depth  of  68  feet,  a  bed  of  clay 
five  feet  thick,  and  beneath  it  water  which  spouts  out  with 
much  force  p*  In  the  interior  of  the  country  of  Alters,  in 
the  province  of  Wad-Reag,  the  inhabitants,  after  digging 
SOO  fathoms  deep,  invariably  meet  with  a  stratum  of  slate, 
under  which  the  water  flows  in  such  abundance,  that  they 
name  it  the  subterraneous  sea\  We  may  easJy  conceive 
that  one  bed  of  clay  may  have  sunk  down  horizontally  by 
drying,  whilst  another  bed  of  clay  may  have  been  forced 
upwards.  The  fissure  horizontally  formed  in  this  manner, 
may  have  served  as  a  channel  for  the  lakes  or  rivers  which 
constitute  these  extensive  subterraneous  waters. 

The  glaciers  which  crown  the  tops  of  the  highest  moun-  Gladoi. 
tains,  have  a  close  connection  and  a  common  ori^n  with  . 

<>  Th^iie  de  la  Terre,  tome  vr.  p.  563. 

p  Bamazzini,  Topographia  Muiinensis. 

1  Shaw,  Voyage  en  Barbade,  tome  i.  p.  169. 
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springs.  Snows  accumulated  for  whole  centuries,  sink 
down  and  are  compressed,  and  consolidated  as  much  by 
evaporation,  as  by  alternate  thaws  and  frosts*  Thus  are 
formed  immense  caps  which  cover  whole  mountains  or 
fields  of  frozen  snow,  whidi  extend  between  the  summits : 
The  high  vAllies  are  filled  at  the  same  time  with  the  snow 
which  falls  there,  and  with  the  icy  waters  which  flow  from 
the  snowy  summits.  In  fact,  these  Sowings  alone,  joined 
to  the  avalaaches,  occasion  those  masses  of  pure  ice,  the 
branches  of  which  extend  even  to  the  lower  vallies.  The 
latter  masses  of  ice  seem  in  some  places  to  have  continued 
increasing  for  a  long  series  of  years.  They  have,  in  Swit« 
zerland,  filled  up  even  whole  valleys,  buried  villages,  and 
shut  up  the  pass  between-  Le  Valais  and  the  Canton  of 
Berne— but  the  diminutions  on  one  side  generally  compen- 
sate  for  the  increase  of  the  ot^er.  A  few  warm  seasons  are 
sufiicient  to  re-establish  the  equilibrium '. 

The  scenes  which  these  bodies  of  ice  exhibit  are  as  vari- 
ous as  their  extent.  At  one  time  a  great  mass  of  water, 
congealed  at  the  period  of  a  tempest,  presents  waves  re* 
sembling  those  of  a  lake-^-at  other  times  these  inequalities 
disappear,  and  leave  nothing  to  be  beheld  by  the  astonished 
traveller,  but  one  immense  mirror  of  polished  ice.  Here 
superb  portals  of  crystal  appear  fallen  into  rivers,  and  bril- 
liant spires  broken  to  pieces — ^in  other  places,  avalanches 
of  snow  glide  over  a  field  of  ice  and  then  stop,  and,  reflect- 
ing the  rays  of  the  sun,  .display  the  form  of  pyramids  and 
obelidcjB  unseen  before.  These  glaciers  are  of  essential  ser- 
vice in  furnishing  to  the  continents  slowly,  and  in  an  al- 
most regular  manner,  waters  which,  without  this  conge- 
lation, would  be  precipitated  with  impetuosity  from  the 
height  of  the  mountains,  so  as  to  overflow  and  devastate 
the  countries  which  they  ought  to  fertilize.  For  this 
beneficial  efiect,  we  are  indebted  to  the  intense  cold 
which  converts  the  waters  into  snow  and  ice,  and  holds 
them  suspended  on  the  sides  of  the  mountains,  to  supply 

'  Sftttiiure,  Voytgcii  Gnincri  etc 
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abundant  and  unfinling  sfzeams  oozing  from  the  bottom  of 
these  enormous  masses,  or  from  the  bosom  of  their  crystalliz- 
ed grottos. 

The  effusion  of  spnngs,  and  the  flowings  of  melted  ice,  streams, 
form  little  currents,  more  or  less  gentle,  which  are  termed  ^^'^^' 
rioulete.    The  water  of  great  rains  falls  with*  more  rapidi- nvuleti. 
ty,  and  furrows  the  sides  of  the  mountains  by  impetuous 
irregular  torrefds.      The  union  of  these  currents  forms 
Hreams^  which,  following  the  declivity  of  the  ground,  unite 
most  frequently  in  a  great  canal  which  takes  the  name  of 
ftmr,  and  which  conveys  to  the  ocean  the  collected  tribute 
of  the  earth. 

The  declivities  (considered  collectively,  and  as  a  whole,) 
firom  whence  flow  the  streams  and  rivulets  which  discharge 
themselves  into  one  particular  river,  are  called  the  basin  of 
that  river,  cur  its  hydrographical  re^on.  It  frequently  hap-  Hydrogn- 
pens,  that  the  basins  of  two  rivers  almost  touch.     In  Ame-P^^^^  ^* 
rica,  the  Cassiquiari,  and  some  other  rivers,  actually  unite 
the  basin  of  the  Oronoco,  with  that  of  the  Amazon*.     In 
Europe,,  the  sources  of  the  Duina,  of  the  Niemen,  and  of 
the  Borysthenes,  nearly  meet  together  in  a  marshy  plain. 
Gecdogy  has  been  much  employed  in  investigating  the  sub- 
ject of  bcuins ;  in  general,  the  mineral  beds  and  petrifac- 
tions of  the  same  bamn  present  a  certain  analogy ;  but,  (ac- 
cording to  the  just  observation  of  M.  Deanarets,)  it  is  also 
essential  to  distinguish  with  accuracy  the  hydrograplucal 
masses  or  groupes  of  mountains^  which  furnish  water  to  Masses,  or 
rivers  that  receive  no  supply  from  any  other  quarter.    The^^^^^ 
knowledge  of  these  masses  is  indispensable  to  asnst  us  inteaux. 
explaining  the  nature  of  rivers.     Calcareous  soils  produce 
waters  of  a  very  different  nature  from  those  which  flow 
firom  the  glaciers  over  sand  or  clay.     The  elevation  of  the 
springs  detarmines  the  am6unt  of  the  declivity,  and  this 
latter  drcumstance  modifies  the  course  of  streams  and  ^ 
rivers,  rendering  them  rapid  or  gentle,  regular  or  mean* 
dering. 

*Condaaiine,  Voyage  de  la  Biyere  des  Amazons,  p.  119.    HartsiDk, 
Humboldt,  etc. 
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Beds  of  The  beds  of  rivers  are  the  lowest  parts  of  great  chasms, 
^*^  formed  by  the  same  revolution  which  produced  the  moun- 
tains:  The  atmospheric  waters  have  evidently  brought 
down  a  portion  of  light  soil  which  was  adhering  to  the  sides 
of  the  mountains ;  they  may  have  formed  by  their  sedi- 
ments  horizontal  plains  which  occupy  the  bottom  of  certain 
valleys  * ;  but  never  could  a  river  by  its  own  force  alone 
have  opened  for  itself  a  passage  through  solid  rocks,  similar 
to  those  which  border  the  upper  Rhine ;  it  must  at  the 
first  have  found  the  outline  of  its  course  deeply  marked 
out.  Running  waters  unceasingly  wear  away  th^  beds 
and  banks  in  places  where  the  declivity  is  very  rapid ;  they 
hollow  out  and  deepen  their  channels  in  mountains  com- 
posed of  rocks  of  a  moderate  hardness— they  draw  along 
stones,  and  form  accumulations  of  them  in  the  lower  part 
of  their  course— -and  thus  their/  beds  are  oflen  gradually 
elevated  in  the  plains,  while  they  are  deepened  and  depres- 
sed in  the  mountains ;  but  these  changes,  though  continual- 
ly going  on  for  thousands  of  years,  could  only  give  form  to 
the  banks  of  rivers ;  they  in  no  wise  created  the  banks 
themselves. 
Declivity  of  ^^  ^^  ^^Y  ^^^  sloping  of  the  land  which  can  at  first  cause 
riven.  water  to  flow ;  but  an  impulse  having  been  once  communis 
cated  to  the  mass,  the  pressure  alone  of  the  water  will  keep 
it  in  motion,  even  if  there  were  no  declivity  at  all.  Many 
great  rivers  in  fact  flow  with  an  almost  imperceptible  decli- 
vity. The  river  of  the  Amazons  has  only  ten  feet  and  a 
half  of  declivity  upon  two  hundred  leagues  of  extent  of 
water,  which  makes  ^  of  an  inch  for  every  1000  feet ". 
The  Seine  ^,  between  Valvins  and  Serves,  has  only  one  foot 
declivity  out  of  6600.  The  Loire  has,  between  Pouilly 
and  Briare,  one  foot  in  7500 ;  but  between  Briare  and 
Orleans,  only  one  foot  in  13,596.     In  East  Friezland,  in 

• 

*Comp.  Saussure,  Voyages,  §§  6i8,  930.  Belano^therie,  §  1618.  (Fos 
the  action  of  riven,  see  Bourguet,  Lettres  Fhilosophiques,  181.  Voigt,  Me- 
moires  Min6raIog.  vol.  iii.  Memolre  8ur  la  Formation  des  Vall^esO 

"  Condamine,  1.  c  p.  134. 

'  Picart,  Traits  du  Nivellement,  p.  153»  etc.  etc. 
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the  United  Provinces,  two  small  neighbouring  rivers  have, 
the  one  |  of  an  inch,  the  other  J  of  declivity  for  every  1000 
feet  ^  The  Marwede,  between  Herdinxveld  and  Dort,  falls 
an  inch  along  1,135  feet ;  but  between  Dort  and  the  sea» 
only  one  inch  along  9000  feet'.  Evea  the  most  rapid 
rivers  have  less  declivity  than  is  commonly  imagined.  The 
Rhine  between  Schaffhausen  and  Strasburgh,  has  a  fall  of 
.4  feet  in  a  mile;  and  of  2  feet  between  Strasburgh  and 
Schenckenschantz.  Hence  we  see  the  reason  why  one 
river  may  receive  another  almost  as  large  as  itself,  without 
any  considerable  enlargement  of  its  bed ;  the  augmentation 
of  its  body  only  accelerates  its  course.  Sometimes  one 
river  falling  into  another  with  great  rapidity,  and  at  a  very 
acute  angle,  will  force  the  former  to  retrace  its  course  and 
return  for  a  short  space  towards  its  source.  This  has  hap- 
pened more  than  once  to  the  Rhone,  near  Geneva ;  the  im- 
petuous Arva,  which  descends  from  the  mountains  of  Sa- 
voy, being  swollen  beyond  its  usual  size,  has  made  the 
more  gentle  waters  of  the  Rhone  flow  back  into  the  lake  of 
Geneva;  causing  the  wheels  of  the  mills  to  revolve  back- 
wards ». 

Some  rivers  have  no  stream  whatever,  and  the  cause  is  Confined 
eady  discovered ;  the  land  having  scarcely  any  declivity,  "^'^^ 
does  not  impart  a  sufficiently  strong  impulse  to  their  wa- 
ters, which  are  constantly  retarded,  and  finally  absorbed  by 
the  sand.  Sometimes  these  waters  are  evaporated  by  the 
heat  of  the  sun,  as  is  the  case  with  the  rivers  of  Arabia  and 
Africa ;  but  they  more  commonly  flow  into  pools,  marshes, 
or  salt  lakes. 

Rivers  which  descend  from  primitive  mount^dns  into  the  Cataiaeu 
secondary  lands,  often  forms  cascades  and  cataracts,     Such^^ 
are  the  cataracts  of  the  Nile,  of  the  Ganges,  and  some  other 
great  rivers,  which,    according  to  Desmarets,  evidently 
mark  the  limits  of  the  ancient  land.     Cataracts  are  also 

'  Bnhm.  Principe  d^Hydraulique,  §  1^08.  (en  AIL) 

*  Velran,  Aivierkundige  Verhandeling,  p.  126,  (in  Dutch.)    Compare  the 
FHydiaulique  G^nerale  de  Wiebeking,  (in  Gennan.) 

*  SauMiuei  Yoyages,  §  16. 
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formed  by  lakes  2  of  this  descriptioii  are  the  celebrated  falls 
of  the  Niagara ;  but  the  most  picturesque  falls  are  those  of 
rapM  rivers,  bordered  by  trees  and  precipitous  rocks.  Some- 
times we  see  a  bo'dy  of  water,  which,  before  it  arrives  at 
the  bottom,  is  broken  and  dissipated  into  showers,  like  the 
Staubbach ;  sometimes  it  forms  a  watery  arch,  projected 
from  a  rampart  of  rock,  under  which  the  traveller  may 
pass  dry  shod,  as  the  "  falling  spring^'   of  Virginia ;  in 
one  place,  in  a  granitic  district,  we  see  the  Trolhetta,  and 
the  Rhine  not  far  from  its  source,  urge  on  their  foaming 
billows  amongst  the  pointed  rocks;    in  another,   amidst 
lands  of  calckreous  formation,  we  see  the  Czettina  and 
the   Kerka,   rolling  down  from  terrace  to   terrace,  and 
presenting  sometimes  a  sheet,  and  sometimes  a  wall  of 
water  ^     Some  magnificent  cascades  have  been  formed, 
at  least  in  part,   by  the  hands   of  man :    the  cascades 
of  Velino,  near  Temi,  have  been  attributed  to  Pope  Cle- 
ment VIII.  ^ ;  other  cataracts,  like  those  of  Tunguska  ift 
Siberia  \  have  gradually  lost  their  elevation  by  the  wearing 
away  of  the  rocks,  and  have  now  only  a  rapid  descent. 
Hcigfat  of       '^^^  elevation  of  cataracts  has  generally  been  exaggerate 
cttancn.    ed  :  that  of  Tequendama,  formed  by  the  Rio  de  Bogota,  in 
South  America,  estimated  by  Bouguer  at  1500  feet,  is, 
according  to  Humboldt,  not  quite  600  %  and  the  highest 
fall  ever  known,  that  of  Staubbach,  instead  of  being  1100, 
as  stated  by  some  travellers,  is  only  900  according  to  tri- 
gonometrical  measurement '.     When  the  ground  does  not 
form  a  steep,  and  almost  perpendicular  bank,  but  only  a 
very  rapid  declivity ;  and  when  at  the  same  time  the  bed 
of  the  river  is  confined  by  rocks,  the  waters  acquire  by 
compression  an  astonishing  force.     Winterbotham  relates, 

^  H^lnms,  BiMertatio  de  Adminndig  Mundi  CSatemcds,  supra  et  snbter- 
vaneis.    Amstttdam,  1678,  in  4to.    Voyage  de  Fixrtis,  Carver,  &&  &c. 

^  Opere  di  Monsignor  Claudio  Todeschi,  (Borne,  1779,)  vol.  iL  p.  77. 

^  Isbraud  Ides,  Voyages  au  Nord,  viii.  54,  sqq.  Muller,  Sketch  of  Rus- 
fian  History,  viii.  100—118,  sqq..  (in  Gezmac.) 

*  Bouguer,  Voyages  au  Perou,  p.  91.  Humiboldt,  Vues  deg  CordHliers, 
p.  22. 

'  Wyttenbach  and  Wolf,  Storr,  Travels  in  the  Alps,  L  114— 115,  (in  Ger- 
maik) 
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that  the  river  of  Connecticut,  in  the  United  States,  at  40 
leagues  from  its  source,  is  so  compressed  by  rocks,  that  it 
carries  along  on  its  surface,  pieces  of  lead,  o:;  ii  they  were 
so  many  corks;  and  that,  notwithstanding  the  utmost  efforts, 
it  is  impossible  to  insert  an  iron  point  in  its  waters :  but 
this  appears  to  be  greatly  exaggerated. 

The  periodical  rise  of  the  Nile  was  considered  as  a  sin-  Ptriodkai 
guUr  phenomenon,  and  one  of  the  greatest  mysteries  of  na-*?**^****  ^ 
ture,  until  modem  Europeans,  by  penetrating  into  the  tor« 
rid  zone,  which  was  almost  unknown  to  the  ancients,  dis- 
covered that  this  wonderful  property  belonged  to  a  great 
many  other  rivers  besides  the  Nile.  It  is  now  well  known 
that  in  all  the  coimtries  situated  between  the  two  tropics, 
it  rains  incessantly  during  a  certain  season  of  the  year  The 
period  varies  according  to  ^  local  circumstances,  but  it  is 
sufficient  to  know,  that  the  torrid  zone,  deprived  in  a  great 
measure  of  the  benefit  of  snow  and  glaciers,  has  this  defi- 
ciency supphed  by  copious  torrents  of  rain,  pouring  down 
incessantly  upon  the  ground,  which  has  been  almost  burnt 
with  heat  during  the  dry  season :  Then  all  the  lakes  and 
rivers  swell  and  overflow  their  banks. 

If  a  river,  under  the  influence  of  these  tropical  rains.  Increase  of 
flows  along  a  plain,  in  a  direction  parallel  to  the  equator,  lei  to  tho 
its  overflowing  waters  will  spread  with  a  certain  degree  of  •^''***''* 
equality  over  the  whole  extent  of  its  banks.     Such,  in  a 
great  measure,  is  the  case  with  the  Oronoco,  in  America, 
the  Senegal,  and  probably  the  Niger  in  Africa. 

If,  on  the  contrary,  Such  a  river  flows  from  a  great  ele-Increawof 
vation,  from   extensive   mountidns  into  deep  plains  and^nT^oin 
valleys ;  or,  if  its  direction  be  perpendicular  to  the  equator,  ^^^  ^  , 
that  IS,  north  and  south,  then,  it  is  evident,  that  the  tLO-vkevernh 
tion  of  the  tropical  rains  will  be  extremely  unequal  in  dif- 
ferent  parts  of  this  river;  for  it  is  manifest  that  the  sur- 
plus  of  water  will  be  carried  almost  entirely  towards  the 
lower  parts  of  the  territory  of  the  river.  ^This  is  exactly 
what  happens  in  the  floods  of  the  Nile.     This  river,  as  the 
ancients  have  said,  and  notwithstanding  the  assertions  of 
Bruce,  comes  frcHn  the  mountains  <^  the  Moon,  which  pro- 
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bably  form  a  central  and  very  elevated  plateau,  occupying 
the  middle  of  Africa,  and  extending  especially  towards  the 
6ast  and  south.  In  Asia,  the  rivers  Siam  and  Cambodja, 
flow  in  almost  the  same  latitudes  as  the  Nile,  but  in  a  dif- 
ferent direction :  being  from  north  to  south.  These  two 
rivers  have  floods  resembling  those  of  the  Nile ;  the  Indus, 
the  Ganges,  and  in  general  all  the  rivers  which  flow  between 
the  tropics,  present  this  very  phenomena,  with  variations 
arising  from  local  circumstances.  No  river  beyond  the 
torrid  zone  is  subject  to  regular  periodical  swellings ;  the 
overflowings  which  occur  in  the  temperate  zones  depend 
solely  on  the  melting  of  the  snow  in  the  spring,  and  on  the 
quantity  of  rain  which  has  fallen  upon  the  mountains  & 
Riven  dis-  The  rivers  which  disappear  under  ground  have  excited  the 
under""*^  wonder  both  of  ancients  and  moderns.  The  poets  have 
grouDd.  sung  of  the  Alpheus,  which,  according  to  thetn,  passes  from 
Peloponnesus  into  Sicily,  beneath  the  Ionian  Sea,  to  mingle 
its  amorous  waves  with  those  of  Arethusa.  The  ancients 
have  mentioned  a  great  number  of  rivers  which  lose  them- 
selves under  ground,  to  reappear  in  a  lower  level  **;  but 
this  phenomenon,  which  most  frequently  is  closely  con^ 
nected  with  that  of  subterraneous  caverns,  has  been  exa- 
mined in  a  rational  and  sober  manner  only  by  the  mo>- 
dems. 
Causei  of  When  a  river  is  obstructed  in  its  course  by  a  bank  of 
this  phcuD-  gQji^  rocks,  and  finds  beneath  them  a  stratum  of  softer  ma- 

menon.  j      i      .  ,       .  i  /•  i  t    i 

terials,  its  waters  wear  away  the  softer  substance,  and  thus 
open  up  for  themselves  a  subterraneous  passage^  more  or 
less  long.  Such  are  the  clauses  which  have  formed  the 
sinkmg  of  the  Rhone,  between  Seyssel  and  FEcluse  * ;  the 
bridge  of  Veja,  near  Verona,  the  arch  of  which  has  an 
elevation  of  more  than  114  feet  ^;  and  particularly  the 

s  Yaienius,  Geographie  Glnerale,  ch.  16.  piop.  20.  Lulof,  G^ogiaphie 
Physique,  ii.  262,  (in  German.)    fierg^iauum,  L  387,  tqq,  (in  Swedish.) 

1"  Pliny,  IL  103.  Seneca  Quest.  Nat.  iiL  26.  Straho,  L  ix.  424. ;  xi.  518, 
edition  Aim.  Maehius,  Dissert  de  Fluviis,  qui  intercedunt  et  enascuntur. 

*  Annales  des  Voyages,  iv.  81. 

k  Z.  Betti,  Descrizione  d*un  Maraviglioso  ponte,  1766,  Fortis  in  the 
.Giomale  d'ltalia,  vL  241. 
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magnificent  Soekbridge  in  Virgpia,  an  astonishing  vault 
uniting  two  mountains,  separated  by  a  ravine  of  270  feet, 
in  depth,  in  which  the  Cedar  Creek  AowsK  It  is  pro- 
bable that  the  fall  of  a  rock  has  formed  these  natural 
bridges,  like  those  of  Icononzo;»  in  Mexico.  In  LouisiiEma, 
trees,  or  rather  whole  forests,  have  been  observed  to  fall  on 
a  river,  covering  it  nearly  with  vegetable  earth  ;  and  thus 
giving  rise  to  a  natural  bridge,  which,  for  leagues,  has  hid 
the  course  of  the  river  from  view ;  finally,  the  Guadiana 
sees  it  waters  scattered  and  filtered  in  the  sandy  and  marshy 
founds,  from  which  they  reissue  in  greater  abundance. 
France  affords  very  few  examples  of  these  disappearing 
rivers  °*. 

Rivers,  in  running  into  the  sea,  present  a  great  variety  Mouth  «f 
of  interesting  phenomena ;  many  form  9€md  ba/nksj  as  the 
Senegal  and  the  Nile ;  others,  like  the  Danube,  rush  with 
such  force  into  the  sea,  that  one  can  for  a  certain  qrace  dis- 
tinguiA  the  waters  of  the  river  from  those  of  the  sea.  The 
water  of  the  little  river  Syre  in  Norway,  are  discernible  for 
a  considerable  distance,  (some  say  for  two  leagues)  in  the  . 
sea  \  It  is  only  by  a  very  large  ipouth,  hke  those  of  the 
Loire,  the  Elbe,  or  the  Plata,  that  a  river  can  peacefully 
mingle  with  the  sea.  Rivers  even  of  this  nature,  however, 
sometimes  experience  the  superior  influence  of  the  sea, 
which  repels  their  waters  into  their  bed.  Thus  the  Seine 
forms  at  its  mouth  a  bar  of  considerable  extent ;  and  the 
Garonne,  unable  to  discharge,  with  sufiicient  rapidity,  the 
waters  which  it  accumulates,  i|i  a  kind  of  gulf  between 
Bourdeaux  and  its  mouth,  exhibits  this  aquatic  mountain, 
stopped  by  the  flow  of  the  tide  rolling  backwards,  inun- 
dating the  banks,  and  stopping  vessels  in  their  progress 
both  up  and  down.  This  phenomenon,  termed  the  <^  ilfa^Mafleaiet 
aitet^  is  only  the  collision  of  two  bodies  of  water  moving 
in  opposite  directions. 

1  Jefierson's  Notes  upon  Virginia. 

<"  Guettard,  M6m.  de  T Academic,  1758. 

«  Pontoppidan,  Histoire  Naturellc  dc  la  Norwcgc,  i.  145. 
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The  most  sublime  phenomenon  of  this  kind  which  pre- 
.sents  itself,  is  that  cf  the  giant  of  rivers,  the  Orellana, 
called  the  river  of  the  Amazons.  Twice  a-daj  it  pours 
out  its  imprisoned  waves  into  the  bosom  of  the  ocean.  A 
liquid  mountain  is  thus  raised  of  the  height  of  180  feet ; 
it  frequently  meets  the  flowing  tide  of  the  sea,  and  the 
shock  of  these  two  bodies  of  water  is  so  dreadful,  that  it 
makes  all  the  neighbouring  islands  tremble ;  the  fishermen 
and  navigators  fly  from  it  in  the  utmost  terror.  The  next 
day,  or  the  second  day  after  every  new  or  full  moon,  the 
time  when  the  tides  are  highest,  the  river  also  deems  to  re- 
double its  power  and  energy ;  its  waters  and  those  of  the 
ocean  rush  against  each  other  like  the  onset  of  two  armies. 
The  banks  are  inundated  with  their  fo&ming  waves ;  the 
rocks,  drawn  along  like  light  vessels,  dash  against  each 
other,  aknost  upon  the  surface  of  the  water  which  bears 
them  on.  Loud  roarings  echo  from  island  to  islands  It  has 
been  said  that  the  Grenius  of  the  River,  and  the  God  of  the 
Ocean,  contend  in  battle  for  the  empire  of  the  waves.   The 

Poioroca.  Indians  call  this  phenomenon  Pororoca.  The  researches 
which  have  been  prosecuted  as  to  the  mass  of  water  which 
roll  along  these  rivers,  as  well  as  concerning  the  space  over 
which  they  run  in  a  given  time,  neither  having  terminated, 
nor  being  likely  to  terminate,  in  any  general  and  pQsitive 
result  %  we  shall  pass  on  to  the  theory  of  lakes. 

LakM.  Extensive  accumulations  of  water,  surrounded  on  all 

sides  by  the  land,  and  having  no  direct  commimic&tion  with 
the  ocean,  of  with  any  sea,  are  called  ldke$.  Lakes  are  of 
four  distinct  kinds. 

lidces  abso.     The^r*^  cUus  comprehends  those  which  have  no  issue, 

lately  iso-  and  which  do  not  receive  any  running  water.  These  peoXs 
are  generally  very  small,  and  do  not  itierit  much  attention. 
Some  of  these,  as  the  Arendt,  in  Vieille  Marche,  are  formed 
by  the  sinking  down  of  the  circumjacent  lands  p  ;  others, 

•  Bicdoli,  6^.  Reform,  x.  c.  7.    Lulof,  Geog.  Pby.  g  338—392.  Ma- 
riotte,  Traits  du  Mouvement  des  eaijB,  &c.  &c. 
V  JLes  M^moires  ctfcees  dans  £aat,  Geographie  Physique^  iii.  part  1.  p.  02. 
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like  the  lake  Albano,  Bear  Bome^  appear  to  be  old  craters 
of  yokanos  filled  with  waten 

The-^^cofui  <jaM  confflsts  of  those  lakes  which,  have  an  Lakes 
outlet,  but  which  do  not  receive  any  running  water.  Such  ^^^^' 
a  lake  is  formed  by  a  spring,  or  rather  by  a  multitude  of  flowing 
springs,  which,  placed  cm  a  lower  level  in  a  kind  of  reser- 
voir, are  obliged  to  fill  that  before  they  find  an  outlet  for 
their  own  waters.  These  lakes  are  nevertheless  fed  by 
little  streams  of  wattf  ,  ahnost  invisible,  which  descend  &om 
the  surrounding  lands,  or  from  subterraneous  canals.  Some 
great  rivers  have  lakes  of  this  kind  for  their  source.  These 
lakes  are  naturally  situated  on  great  elevations ;  there  is 
one  of  this  kind  on  Mount  Rotando,  in  Corsica,  which  is 
9894  feet  above  the  levd  of  the  sea. 

The  third  class  of  lakes  is  very  numerons,  consisting  of  l^e* 
all  siich  as  receive  and  discharge  streams  of  water.    Each^^e and 
of  the  lakes  of  this  class  may  be  looked  upon  as  forming  a^'^^'^'sc 
baoa  for  recdving  the  neighbouring  waters ;  they  have  in  ten. 
general  only  one  opening,  which  almost  always  takes  its 
name  from  the  principal  river  which  flows  into  it.     But 
it  cannot,  in  strict  propriety,  be  said  that  these  rivers  tra-- 
•fferse  the  lakes,  as  their  waters  mingle  with  those  of  the 
basin  over  which  they  are  diffiised^.     These  lakes  have 
c^n  sources  of  th^  own,  either  near  the  borders,  or  in 
thdr  bottom.     There  are  four  or  five  lakes  of  this  class 
in  North  America,  which,  in  point  of  extent,  resemble  seas, 
and  which,  notwithstanding,  by  the  flow  of  a  continual 
stream  of  &esh  river  water,  preserve  their  clearness  and 
sweetness. 

The  Jinttih  class  of  lakes  present  phenomena  much  more  IoSum 
difficult  to  explain.  We  mean  those  lakes  which  i^cceive][^^^ 
streams  of  ]vater,  and  often  great  rivers,  without  having  any 
viable  outlet  The  most  celebrated  of  these  is  the  Cas- 
pian Sea ;  Aria  contains  a  great  many  others  besides.  The 
Niger,  if  it  does  not  touch  the  sea,  most  probably  falls  into 
a  lake  of  this  kind,  and  iv>t  into  a  marsh.     South  America 

4  Samforey  Toytgef,  §  10. 
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contains  the  lake  Titicaca,  which  has  no  efflux,  although  it 
receires  another  very  considerable  one  into  it.  In  short, 
these  lakes  appear  to  belong  to  the  interior  of  great  oonti- 
nents ;  they  are  placed  on  elevated  plains,  which  have  no 
senuble  declivity  towards  the  sea,  and  which  do  not  per- 
mit  these  collections  of  water  to  open  for  themselves  a  pas- 
sage through  which  they  may  flow  out.  But  why  do  these 
lakes,  which  are  always  receiving  supplies  of  water,  but 
have  no  outlet,  why  do  they  not  overflow  their  banks  ?  We 
may  answer,  that  with  respect  to  those  which  are  situated 
in  a  hot  climate,  evaporation,  as  Halley  observes,  is  suffi- 
cient to  carry  off  their  excess  of  water.  It  remains  to  be 
determined,  whether  the  reasonings  of  this  philosopher  can 
with  justness  be  applied  to  a  climate  so  cold  for  example 
as  that  of  the  Caspian  Sea. 

Let  us,  in  the  first  place,  observe,  that  the  quantity  of 
water  which  the  rivers  pour  into  this  basin,  has  been  exag- 
gerated :  there  are  no  other  great  rivers  except  the  Wolga, 
the  luk,  and  the  Kur,  which  flow  into  it ;  .the  remainder 
consists  only  of  small  rivulets.  We  must  add,  that  the 
whole  of  the  eastern  coast  scarcely  furnishes  one  rivulet  to 
this  extraordinary  sea.  And  let  us  also  remark,  (for  in 
physical  geography  every  fact  is  worthy  of  attention,)  that 
the  Wolga,  by  no  means  a  deep  river,  seems  to  be  in  part 
absorbed  by  the  ground  which  borders  its  course ;  and  it  is 
this  humidity  which  renders  these  lands  so  distinguished  for 
their  fertility,  when  compared  with  the  neighbouring  soil. 
Finally,  were  we  determined  to  suppose  that  there  is  a  dis. 
proportion  between  the  extent  of  the  Caspian  Sea^and  its 
evaporation,  on  the  one  side,  and  the  volume  of  water  that 
it  receives  on  the  other,  (which  we  are  far  from  allowing,) 
we  have  still  to  take  into  account  the  absorption  of  its  wa- 
ters by  the  calcareous  mountains  which  border  it  towards 
the  south  and  south  west.  We  know  how  porous  and 
spongy  land  of  this  kind  is.  All  accounts  agree  in  describ- 
ing  the  mountains  to  the  south  of  the  Caspian  as  being 
still  more  penetrated  with  moisture,  and  more  abounding 
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in  springs  than  those  of  Mingrelia,  which  proves  either  ab- 
sorption, or  (what  is  of  more  consequence,)  a  very  strong 
evaporation.  The  insalubrity  of  the  air  near  these  lakes, 
is  another  circumstance  which  still  farther  confirms  the  ojn- 
nion  of  Halley  K  The  physical  phenomena, .  which  certain 
lakes  present,  have  always  excited  the  astonishment  of  the 
multitude. 

The  periodical  lakes  are  the  most  common.  Those  Periodical 
which  are  formed  by  excessive  rains,  and  which  are  again  ^''^^ 
dried  up  by  the  rays  of  the  sun,  by  evaporation,  or  infiltra- 
tion, appear  to  be  scarcely  worthy  of  our  attention.  In 
Europe  these  are  nothing  but  pools,-  but  between  the  tro- 
pics, these  pools  sometimes  cover  spaces  of  several  himdred 
leagues  in  length  and  breadth.  Such  are  the  famous  lakes 
of  Xarayea  and  Parta,  inscribed  on  maps  of  America,  and 
expunged  from  them  by  turns ;  it  is  probable  tfiat  Afiica 
contains  a  great  many  of  this  description.  If  there  exist 
now  in  the  numerous  cavities  of  the  earth  subterraneous 
lakes  of  this  kind,  and  if  these  communicate  with  other 
lakes  which  are  visible,  it  is  easy  to  imagine  that  the  waters 
of  these  last  may  sometimes  entirely  disappear,  by  sinking 
down  into  the  basin  of  the  subterraneous  lakes  in  propor- 
tion aa  they  dry  up.  This  lower  basin  again  filling  itself 
anew,  the  waters  issue  from  it  to  fill  the  superior  barin.  If^ 
in  a  supposable  series  of  subterraneous  cavities,  the  last 
link  of  the  chain  happen  to  be  a  mass  of  subterraneous 
water,  situated  at  an  elevated  level  in  the  bosom  of  a  moun* 
tain,  the  periodical  return  of  the  waters  in  the  visible  basin 
may  be  accompanied  by  a  motion  similar  to  that  of  the 
spouting  fountains.  .  It  is  by  means  of  such  hydraulic  ma^ 
chinery  that  nature  keeps  up  the  wonders  of  the  lake  of 
Cirknitz  in  Illyria,  and  in  many  others  of  the  same  des- 
cription. 

The  alleged  regularity  of  these  periodical  returns,  attri-  The  periods 
buted  amongst  others  to  the  lake  of  Kanten  in  Prussia,  is*"  "B**^^ 
not  supported  by  authentic  testimony.     By  comparing  to- 

'  Bergmans,  Geographic  Phyrique>  i.  $  88|  il  §  106. 
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gether  the  observations  made  once  1715,  upon  the  Caspan 
sea,  we  are  convinced  that  this  great  lake  augments  and  di- 
minishes &om  80  to  85  feet,  according  to  the  abundance  of 
snow  and  rain  in  the  countries  from  which  it  receives  its 
waters ;  but  we  see  at  the  same  time,  that  these  changes 
follow  no  fixed  period'.  The  lakes  which  are  supplied 
with  water  by  the  melting  of  the  snow,  may  even  change 
their  level  in  the  course  of  the  same  day,  according  as  the 
acdon  of  the  sun  has  more  or  less  effect  upon  the  nmgh- 
bouring  mountains.  It  is  on  this  principle,  we  conceive, 
that  the  sdches,  or  periodical  risings  and  fallings  of  the  lake 
of  Greneva,  should  be  explained  \ 

The  variations  and  motions  of  lakes,  which  do  not  de- 
pend upon  an  augmentation  of  quantity,  present  very  com- 
JLakes        plicated  questions:    That  any  lakes  communicate  under 
wWA  SSf  gJ^ound  with  the  sea,  and  owe  their  regular  tides  to  such 
Ac.  communication,  is  much  to  be  doubted.     The  equilibrium  * 

of  the  atmosphere,  deranged  by  electricity,  or  by  any  other 
cause,  may  occasion  water  to  rise  up,  by  altering  the  presr 
sure  which  retains  it  at  its  level.  There  is  a  bay  in  lake 
Huron  where  electric  clouds  continually  remidn,  and  no 
traveller  has  ever  passed  it  withdut  hearing  thunder  ".  In 
Portugal  there  is  a  pool  near  Beja,  in  Alentejo,  whidh,  by 
its  loud  noise,  indicates  the  approach  of  a  stonn  \  Other 
lakes  appear  agitated  by  the  disengagement  of  subterraneous 
gases,  or  by  winds  which  blow  in  some  cavern  with  which 
the  lake  communicates.  Near  Boleslaw,  in  Bohemia,  a 
lake  of  unfathomable  depth,  sometimes  in  winter  emits 
blasts  of  winds  sufficiently  strong  to  raise  up  in  the  air 
pieces  of  ice  several  quintals  in  wright  y.  Two  condderable 
lakes,  Loch  Lomond  in  Scotland,  and  the  Welter  in  Sweden^ 

•  Rytchkow.  Topography  of  Orenbouxgy  (in  Geiman,)  i.  166,  167.  Pallas, 
TraTds  in  the  Soudi  of  Russia,  L  434.  (in  GexBum.) 

<  Jallabert,  M^moiiw  de  rAcadcmie  des  Scienoas  de  Pttris,  1741,  p.  Si* 
Compare  Saussure,  §§  20—25. 

»  Carver,  Voyage  dans  Tinterieur  d'Amerique,  etc 

>  Bulges,  citiSpar  Bergmann,  6^.  Phys.  §  99. 

y  Acta  Emdita,  1682. 
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often  experience  during  the  aerenest  weather  violent 
a^tations.  In  the  Murche  of  Brandebaurg,  the  pool  of 
Krestin  often  commences  in  fine  weather  to  boil  up  in 
whirlpools,  so  as  to  engulph  the  little  boats  of  the  fishermen  ■• 
Perhaps  the  decomposition  of  calcareous  stones  has  an  in- 
fluence upon  some  of  these  phenomena. 

In  the  general  history  of  lakeBiJloaHfiff  iilands  occupy  a 
great  space  in  the  writings  of  some  geographers.  But 
when,  on  the  one  hand,  we  consider  how  many  inaccessible 
marshes  there  are  always  floating  in  the  water,  and  not- 
withstanding, covered  with  brushwood,  and  even  trees ;  and 
on  the  other  hand,  when  we  consider  those  beds  of  vegeta« 
bles,  those  immense  forests  that  are  found  buried,  and  very 
recently  buried,  in  turf  pits,  we  may  then  eainly  form  an 
idea  of  diese  floating  iskmda  which  some  geographers  re« 
present  as  wonders  of  nature.  They  are  simply  earth  of 
'  the  nature  of  a  peat,  but  very  light,  sometimes  only  reeds 
and  roots  of  trees  interwoven  together.  After  having  been 
undermined  by  the  waters,  they  detach  themselves  from 
the  bank,  and  from  their  lightness  and  spongy  omsistency, 
jcnned  to  their  inconsiderable  thickness,  they  remain  sus» 
pended  and  floating  on  the  surface  of  the  waters  *. 

The  delightful  Loch  Lofmrnd,  in  Scotland,  contams  some 
of  these  floating  islands,  which  are  not  very  uncommon  in 
Scotland  or  Ireland.  A  small  lake  in  Artois,  near  Saint 
Omer,  is  covered  with  similar  islands.  The  marshy  lakes 
of  Comacchio  present  a  great  number  ^  The  most  con- 
fflderable  that  are  mentioned,  are  thoseof  the  lake  ofGter- 
dau,  in  Prussia,  which  furnish  pasturage  for  100  head  of 
cattle;  and  that  of  the  lake  of  Kolk,  in  the  country  of 
Osnabruck,  covered  with  beautiful  elms  ^ 

There  are  some  floating  islands  which  appear  and  disap-  ^^^^^ 
pear  alternately.    The  lake  Ralang,  in  Smalande,  a  pro-  jsiandB. 

*  Bernonille,  AichiTes  des  V^oyages,  L  325» 

*  Pliny,  Natuzal  Histoiy,  iL  c.  95. 

^  Girabmo  SaYestri,  Tieadae  on  FloBting  lafamdf ,  anckiit  ind  modem,  (in 
Italian.) 
«  Kant  Gaographie-Fbyeique,  ii.  part  L  p^  114. 
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Tempera- 
tare  of 
lakes. 


vince  of  Sweden,  encloses  a  floating  island,  whidi,  front 
1696  to  1766  has  shewn  itdelf  ten  times,  generally  in  the 
months  of  September  and  October^.     It  is  280  fedt  long* 
and  SSO  broad.     There  is  m  island  omilar  to  it  in  Ostro- 
gothia. 
Floating  is.     The  floating  islands  may  have  ati  influence  upon  the 
h^v^be^  formation  of  the  glbbe.     Those  which  Pliny  and  Seneca 
come  sta.    gaw  floating  in  the  lakes  of  Bolsena,  Bressanello  and  others, 
'^'^'      have  become  fixed.     West  Friezknd  has  a  subterraneous 
lake,  which  appears  to  have  be<en  coveted  with  floating  is- 
lands, that  gradually  united  together,  and  ended  in  the  for- 
mation of  a  solid  crust  ^ 

The  shade  of  thick  forests,  or  high  mountains,  may  pre- 
vent certain  lakes,  like  Loch  Wianoch  in  Scotland,  from 
getting  rid  of  the  perpetual  ice  which  covers  them  in  whole 
or  in  part.  Other  lakes,  always  ruffled  by  the  winds^  or 
stirred  by  the  rivers  which  they  receive,  and  the  springs 
which  feed  them,  bravis  all  the  rigours  of  a  cold  climate. 
The  most  extraordinary  phenomenon  would  be  to  see  lakes 
freeze  dunng  summer ;  and  this  has  been  related  of  some 
in  China ;  the  cause  of  which  has  been  sought  for  in  the 
saline  nature  of  the  neighbouring  ground,  but  the  fact  ap- 
pears to  have  been  insuffidently  observed,  or  incorrectly  re- 
corded'. 

The  d$pth  of  lakes  varies  infinitely,  and  cannot  form  a 
subject  of  general  physical  geography.  We  must  be  satis- 
fied merely  with  contradicting  the  popular  opinion,  that 
there  are  lakes  without  a  bottom.  Those  which  have  been 
considered  as  such  owe  this  character  solely  to  the  existence 
of  currents  which  carry  along  with  them  the  lead  attached 
to  the  sounding  line.  But  we  must  not  reckon  as  fabulous 
the  accounts  of  lakes  with  double  bottoms,  which  are  said 
to  be  found  in  Jemptia  or  Jemptland,  in  Sweden  and  else- 
where «.     It  has  been  supposed,  that  a  crust  interwoven 


^  Beigmann,  Geographic  Physique,  iL  238. 

«  Annals  of  the  Prussian  Monarchy,  1799,  p.  292,  (in  German.) 

'  Memoire  de  TAcademie  des  Sciencesi  1712. 

c  Bergmann,  §  93. 


PHYSICAL  GEOGBAPHY.  805 

with  roots,  similar  to  the  floating  islands,  may  exist  at  the  . 
botixim  of  a  lake,  and  by  either  rising  or  sinking,  may  make 
the  dfepth  vary  in  appearance. 

.  Such  are  the  principal  observations  we  have  to  makechemioa 
upon  the  ori^  and  motion  of  springs,  rivers,  and  lakes.  ^|^^/*^ 
We  are  now  to  consider  them  with  relation  to  their  chemi- 
cal nature.  We  have  already  remarked  the  property  which 
water  possesses  of  absorbing  atmospheric  air.  It  is  esti- 
mated, that  fresh  water  generally  holds  in  solution  j\  of 
its  wdight  of  air.  A  certain  time  is  necessary  before  it 
becomes  saturated  with  salt,  and  all  the  elements  of  atmo- 
spheric  air  are  not  absorbed  by  water  with  equal  readiness. 
Pure  oxygen  unites  most  easily  with  it :  The  good  quaUty 
of  fresh  water  conmsts  in  being  completely  saturated  with 
oxygen^  which  must  be  frequently  renewed  by  the  running 
and  agitation  of  the  water.  Its  bad  quality  arises  either 
from  the  alteration^  or  the  superabundance  of  the  oxy- 
gen ;  and  each  of  these  states  announces  the  presence 
of  a  heterogeneous  substance  m  water,  capable  of  absorbing 
more  oxygen,  ^or  of  altering  it.  These  heterogeneous  sub- 
stances are  earthy  salts,  sulphur,  lime,  gravel,  and  mud. 

These    principles,  completely  .established    by  modem  influence  of 

chemistry,  would  lead  us  to  believe  that  the  influence  of  &waZ**P*""'? 
•^ '  upon  water. 

exposure  upon  the  nature  of  waters  is  as  powerful  as  Hip- 
pocrates has  represented  it  \  Waters  exposed  to  the  rising 
stm,  says  he,  are  limpid,  inodorous,  soft,  and  agreeable  to 
drink,  because  the  sun  at  its  rising  corrects  them  by  dissi- 
pating the  fogs  of  the  morning  which  may  have  mingled 
<with  them.  Waters  lying  towards  the  setting  sun  are  des- 
titute of  this  advantage,  and  are  not  limpid.  Those  which 
flow  towards  the  souths  and  are  exposed  to  hot  winds,  should 
be  brackish,  not  very  deep,  and  consequently  hot  in  sum- 
mer and  cold  in  winter,  and  likely  to  enervate  man,  and  to 
render  him  liable  .to  several  maladies.  Lastly,  waters 
having  a  northern  exposure,  should  in  general  be  cold,  hard 

^  Traits  doi  Airs»  des  £auz,  et  des.  Lieuz,    §  9,  20,  %t,  %&*  ^Edit  de 
Coray. 
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and  unpleasant,  the  use  of  them  drains  a^ay  the  Biilk  from 
women)  and  renders  them  barren.  Such  is  the  system  of 
Hippocrates ;  but  we  ought  not,  with  the  blind  admirers  of 
that  eminent  physician,  to  extend  its  application  too  widely ; 
for  it  is  connected  with  his  ideas  upon  the  particular  nature 
of  winds,  and  these  ideas  contain  only  local  truths,  appli>- 
cable  to  Greece  and  A6ia  Minor. 
The  waterji  Thd  Waters  of  marshes,  pools,  and  all  those  which  stag* 
°  nate    under   ground,    are    unwholesome ;    they   dissolve 

azotic  and  hydrogen  gases,  arising  from  the  decom- 
position of  plants,  insects,  and  fishes.  The  surrounding 
atmosphere  is  loaded  with  these  noxious  gases.  They  who 
live  near  marshes,  and  who  drink  the  waters,  lead  a  miser- 
able life,  never  acquire  strength,  and  prematurely  feel  all 
the  infirmities  of  age. 

In  Salogne,  (in  France,)  to  go  no  farther  in  quest  of  an 
example,  the  stagnant  humidity  gives  to  the  natives  pale 
countenances,  languishing  eyes,  and  a  weak  voice  ^ 

Stagnant  waters  almost  always  absorb  a  great  quantity  of 
fixed  ur,  or  carbonic  acid  gas ;  for  this  gas  is  carried  by  Its 
gravity  towards  the  surface  of  the  waters,  and  does  not 
disengage  itself. 
Watov^  of  The  waUr  of  hUls  and  mounUims^  difiers  in  its  quality, 
^*  *todn  P^^^^^^^S  *®  ^^  filters  through  banks  of  pure  rock,  of  schist, 
of  quartz,  or  of  sand,  from  all  which  substances  it  can 
scarcely  derive  any  property  whatever ; — or,  as  it  flows  over 
beds  of  patterns  earthy  which  it  neither  draws  along  with  it 
nor  dissolves  ;*-or,  lastly,  as  it  traverses  ground  which  is 
calcareous,  marly^  gypseous,  impregnated  with  magnesia, 
salt,  or  bitumen.  Waters  of  the  kind  last  mentioned  are  al- 
ways very  much  mixed  with  heterogeneous  substances,  and 
for  the  greatest  part  of  the  year  are  hard,  turbid,  and  un- 
wholesome, at  least  if  daily  used.  Hippocrates,  Homer, 
;md  Plutarch,  have  long  ago  condemned  the  use  of  them  \ 
Those  waters  which  have  clayey  bottoms  are  the  most  com- 

*  M&moire  de  ki  Soci^  fioyde  de  Medidae,  1776,  p.  61^72. 

*  Hippocrates  I.  c.  §.  35.  et  le  Commentaire  de  Coray,  p.  107. 
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mbQ ;  they  unite  those  qualities  which  are  essential  to  salu^ 
brity.  Those  which  flow  from  the  hard  rock  are  still  more 
pure  and  limpid,  as  they  must  undergo  a  process  of  iiltra-, 
tioD  in  W€»uring  their  way  over  a  stcmy  bed. 

The  waters  of  lakes  being  derived  from  spring!  and. Waters  of 
livws,  partake  of  their  diflerent  qualities.  There  are.^"* 
some  lakes  whose  waters  are  extremely  limpid,  such  as  the 
lake  of  Geneva,  and  that  of  Wetter  in  Sweden;  in  the 
latter,  a  farthing  may  be  perceived  at  the  bottom  of  the 
Jake  at  120  feet  depth ;  but  the  lakes  whose  waters  are 
motionless,  oif  saline,  or  bituminous,  may  be  looked  upon  as 
equally  unwholesome  with  those  of  marshes. 

The  waters  of  rivertt  contidn  some  very  heterogeneous  BiTerwitCT. 
eieiiiefits,  which  seem  necessarily  to  counteract  each  other ; 
and  it  is,  perhaps,  as  much  owing  to  this  reciprocal  de» 
struction  of  pernicious  principles,  as  to  continual  motion, 
that  river  water  is  so  generally  serviceable  to  the  wants  of 
man,  and  supports  the  freshness  and  purity  of  the  Sktmor 
sj^ere  wherever  they  flow.  It  often,  however,  forms  a 
sediment  of  gravel  dnd  mud ;  and  Hippocrates  imagined, 
that,  when  used  as  a  constant  beverage,  it  produced, 
amongst  other  maladies,  that  of  the  stone  \ 

Welt  water y  by  remaining  too  long' motionless,  frequent-  Well  mu 
ly  acquires  the  bad  qualities  of  stagnant  waters.  ^' 

Sea  xvater  acts  as  an  emetic  with  us,  but  the  inhabitants  Sea  water. 
of  the  Island  of  Paques,  in  the  Pacific  Ocean,  make  it  their 
common  beverage.  Amongst  the  atmospheric  maUrs^  those  Bain  water, 
composed  of  rain  are  the  most  wholesome  on  account  of 
their  softness,  variety,  and  lightness.  Hippocrates  has 
justly  observed  the  admirable  process  which  nature  employs 
iu  distilling  the  vapours  riuseid  from  the  earth  by  the  action 
of  the  sun.  These  vapours  are  agitated  and  rolled  about 
in  all  directions ;  their  more  earthy  and  turbid  part  sepa- 
rate,  and,  sinking  by  their  own  weight,  form  fogs ;  the  re^ 
mainder,  more  subtle  and  more  light,  is  still  more  complete- 
ly dissolved  by  the  solar  heat.    It  is  of  this  remainder  that 

'  t 

\ 

>  Hippocrates,  1.  «.  §  51,  and  et  le  Commcntaire  dc  Coray,  134. 
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the  drops  of  ran  are  formed.  But  the  first  rain  that  falls 
after  a  long  drought,  m  passing  through  the  air,  becomes 
charged  with  a  great  number  of~4ieterogeneous  substances, . 
and  consequently  gets  very  impure  before  it  reaches  the 
earth.  The  drops  which  follow  are  not  subject  to  this  in- 
convenience, but  all  rain  water  is  liable  to  be  soon  corrupt- 
ed. 
Snow  tod  '  Snow  and  ice  water  have  an  origin  very  different  from 
that  of  rain  water.  For  snow  and  ice  bdng  formed  by  the  ab- 
sence of  caloric,  are  consequently  destitute  of  the  more  subtle 
parts  of  water.  Water,  therefore,  in  which  these  substan- 
ces  are  dissolved^  ought  to  be  harder  and  heavier  than  that 
of  rain.  According  to  the  most  autlientic  accoimts,  the  use 
of  such  water  occasions  swellings  in  the  throat  and  other 
tumours". 
Weight  of  The  more  water  is  mixed,  the  heavier  it  is.  The  follow- 
watcrs.       jjjg  comparative  statements  are  taken  from  Bergmann. 

Dietilkd  water  weighs,        -        .        .        1,000 

Spring  water  of  the  purest  kind,         -  1,001  to  1,005 

River  water, 1,010 

Sea  water,         -        -        -        -        -        1,012 

Stagnant  water,        ....        1,102 

Mineral  After  having  considered  the  qualities  of  common  waters^ 

waters.  ^e  shall  now  make  some  observations  upon  mineral  waters, 
that  is  to  say,  those, waters  which  arecon^bined  with  oertwi 
substances  of  the  mineral  kingdom,  in  a  quantity  sufficient- 
ly considerable  to  give  them  both  taste  and  colour,  proper- 
ties, the  absence  of  which,  constitutes  the  essential  and  dis- 
tinguishing characteristic  of  fresh  water.  These  extraneous 
substances  are  either  found  in  a  state  of  very  subtle  mecha- 
nical division,  or  in  that  of  a  complete  chemical  solution. 
It  is  extremely  difficult,  even  by  the  most  careful  analysis, 
to  ascertain  exactly  the  proportions  in  which  they  are  com- 
bined ".     They  can,  therefore,  only  be  classed  in  a  manner 

"  Forster,  in  Comment  de  Keb.  in  Scient.  Natural,  et  Medic.  Gestis,  xxIt. 
S24.    Comp.  ibid.  SuppL  Decad,  i.  p.  453. 
»  Bergmjoin,  G«og.  Phys.  §  §  73,  74,  57.  id.  de  Analyd  aquarum  in  Opusc. 
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far  from  bang  strict  Acids  easily  combine  with  water, 
but  they  as  rapidly  incorporate  with  any  saline,  earthy,  or 
metallic  substance,  so  that  adduUUed  or  gaseous  waters 
scarcely  ever  contain  free  unmixed  acid.  The  spring  of 
Latera,  32  miles  from  Viterbo,  and  that  of  Selvena,  46  Acidulated 
miles  from  Sienna,  are  produced  as  examples  in  which  the  ^^"' 
free  sulphuric  acid  is  combined  with  water  ^.  The  lakes 
of  Cherchiaio,  of  Castel  Nuovo,  and  Monte  Rotondo,  also 
in  Italy,  present  the  free  boracic  acid^;  but  these  are 
rare  cases.  Carbonic  acid  is  met  with,  almost  free,  in  the 
spring,  called  Sawtrlmg^  near  Carlsbad  in  Bohemia  \  The 
waters  of  this  spring  contmn  a  quantity  of  the  acid  eqilal  to 
their  own  volume ;  those  of  Selz  or  Seltzer,  commonly  con- 
tain only  I ;  those  of  Pyrmont  f  ;  and,  those  of  Spa  ^. 

The  acidulated^rrt^noii^  or  chalybeate  waters  are  the  Femigi- 
most  common.     We  could  reckon  some  hundreds  in  France  ™m»witerfc 
and  Germany.   The  acid  in  these  is  combined  with  ferrugi. 
nous  ochre  :  we  also  find  magnesia,  glauber  salts,  vegetable 
alkali,  and  muriate  of  soda,  so  that  an  imitation  of  them  is 
very  easy.     Bergmann  made  some  forty  years  ago  for  his 
own  use,  and  that  of  his  friends.     The  simple  chalybeate 
waters,  such  as  those  at  Forges  and  Aumale,  are  stQl  mote 
common.     Those  of  Passy  contidn  vitriol  or  sulphate  of 
iron,  and  become  black  with  astringent  vegetables.     Bitter 
waters  are  charged  with  sulphate  of  magnesia ;  such  are 
those  of  Seidhtc  and  Epsom.     The  steppes  of  Siberia,  to 
die  north-east -of  the  Caspian  Sea,  have  a  number  of  lakes 
of  this  kind.     They  almost  form  a  chain  from  the  Kuma 
and  Bas  Woiga,  reaching  beyond  the  Jenissei^     Near 
these  pools  there  are  some  which  contain  alkali  or  carbon* 
ate  of  soda.    In  the  plains  of  Hungary  the  same  abundance 

Chimieo-Phys.  L  Hydndogie  de  Walleriui,  (m  Swedish ;)  de  Monnet,  (in 
Fjoenefa ;)  d'Otto,  (in  Gemno.) 

'  VandeUi,  de  Thermis  agri  PatavinL  BeigOMUin*  i.  346. 

p  Lavcnsier,  Traits  El^mentaire  de  Chimie,  L  26€.  Fouicroj,  El^mens  dt 
Chimie,  I.  500. 

4  KUproth,  Mto.  de  Chimie,  i.  320. 

'  Georgi,  Deiciiption  de  la  Rusrie,  iiit  23—26. 
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of  bitter  wateitr  ib  found.    Perhaps  this  is  a  property  com* 
mon  to  all  the  basins  of  the  ancient  mediteiranean  seaa. 
AiiimiiMraB  Ahsmnous  waters  are  not  very  numerous,  we  mention  only 
^!^&c.  *^^  ^^  Bath  in  England,  of  Crems  and  of  HaUe  in  G^r- 
many  %  and  two  or  three  in  Russia.    The  socqt^  springs 
owe  their  {Mrbperties  to  a  small  pn^rtion  of  day,  which  of* 
ten  floats  on  the  surface  like  grease.     The  ibnnatiQii  of  the 
acidulated  waters  is  one  of  those  daily  operations  of  natuve^ 
which  has  been  subjected  to  the  scrutiny  of  sciences    Bur^ 
ning  waters  find,  in  the  bosom  of  the  earth,  acidiferous  sub- 
stances, the  adds  of  which  either  disengage  themselves  by 
their  afltoity  to  water,  or  by  the  fermentation  which  a 
Stronger  acid  causes  among  the  weaker  acids.    This  chemi- 
cal process  is  perpetually  renewed«     Lime,  which  ocmtains 
two-fifths  of  its  weight  of  carbonic  acid,  supplies,  in  abund* 
ance,  mineral  waters  with  this  acid,  which  constitutes  their 
general  basis  ^     Sulphuric  acid  is  disengaged  from  pyrites^ 
which  are  very  widely  distributed  over  the  earth  \    Waters 
impregnated  with  this  acid,  will  dissolve  iron,  lime,  magw 
nesia,  in  a  word^  almost  all  substances.     Silex  itself,  which 
for  a  long  time  was  considered  as  insoluble  in  water,  is^ 
however,  found  dissolved,  not  only  in  the  boiling  water  in 
the  neighbourhood  of  volcanos,  as  in  the  springs  of  the 
Geyser  and  Raikum  in  Iceland,  but  also  in  springs  of 
a  moderate  temperature,  and  even  in  common  water  \    It 
was  at  first  imagined,  that  silex  became  soluble  only  by  its 
combination  with  the  mineral  alkali,  as  in  the  Greysar ;  but 
it  has  been  proved  that  it  is  soluble  by  itself.     Mineral  wn^ 
ters  do  not  remain  in  that  state,  in  which  a  first  lAemiefd 
operation  placed  them ;  in  their  flowing  or  filteiing,'  they 
sometimes  meet  with  a  salt,  and  sometimes  an  add  ;  and 
these  different  substances,  by  uniting,  separating,  or  chang- 
ing, according  to  their  affinities  with  the  basb  ci  mineral 

•  Ricbter  dans  Crdl.  AnnaL  de  Chimie,  17S8,  No.  iv.  p.  SSi. 
'  '*  Bergmanii,  Giog,  Physique,  i  370. 

■  Klapioth,  M^m.  de  Chimie,  i.  31 G. 

'  Beigmann,  Dissertation  sur  la  Source  d*np6ala.    Klaprothi  Mka.  de 
Chimie,  1. 340,  tqq.  319. 
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waters^  oottimunieate  qualitks  to  them,  which  serve  to  vary 
to  infinity  their  chemical  and  medical  nature. 

'  We  must  not  imagine  that  these  combinations  are  all  of  PoVunaus- 
them  salubrious.  Without  mentioning  those  sulphurous  ^**^'*'  • 
or  carbonic  fumes  which  arise  from  several  waters,  it  ap- 
pears  very  certain  that  there  are  several  springs  impreg^ 
nat€d  with  arsenical  and  mercurial  vapours.  But  it  is 
wisely  and  benefidally  arranged,  that  it  dbould  be  almost 
always  under  large  masses  of  rock  that  these  frightful  la^ 
boratories  are  buried,  in  which  nature  sustains  a  poisonous 
character  Y.  According  to  Bergmann,  arsenic,  before  it 
can  be  dissolved,  requires  14  or  15  times  its  own  w^ht  of 
hot,  and  90  times  of  cold  water,— a  circumstance  which, 
joined  to  the  rare  occurrence  of  this  destructive  mineral, 
renders  arsenical  springs  extremely  uncommon. 

'  There  are  also  nmpU  metaUic  water^^  that  is  to  say,  Metallic 
tliose  in  which  minute  particles  of  metal  are  suspended,  ^*'®'*' 
UEid  winch,  not  being  combined  with  the  fluid,  are  gradually 
deposited.  Besides  the  common  cementatory  waters,  as 
they  are  termed,  which  yield  iron  and  copper,  some  are 
mentioned  which  have  formed  a  depoMt  of  argentiferous^ 
lead  in  a  mine  of  Konigsbferg.  The  auriferous  rivers  do 
not  even  retain  the  particles  in  suspension ;  they  roll  along 
grains  of  gold  detached  from  some  rock.  These  waters 
are  not  mineral  in  the  proper  sense  of  the  word. 

Soli  tvaiers^  or,  to  use  the  modern  term,  mu/riaUd  wa-Saltwaten* 
ters,  are  perhaps  the  most  common  c^  all ;  but  they  rarely 
exist  in  a  state  of  perfect  purity.  They  occur  in  abundance 
along  thci  Carpathian  and  Uralian  mountains,  and  in  general- 
in' the  j^one  eomprised  between  the  50'' and  80^  parallels 
of  nordiern  latitude.  More  to  the  north  they  are  hard- 
ly ever  found ;  farther  towards  the  south,  crystallized  salt 
idjounds  in  certidn  regions,  as  in  the  great  desert  of  Africa,; 
biit  we  find  only  a  few  salt  springs  there.  It  is  equally  in 
the  temperate  zone  of  the  north  that  the  salU  lake^  are 


7  Varenius,  66ogmphie  Generale,  eh#  17.  prop.  It. 
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abundant.     The  central  part  of  .Asia  has  a  vast  number  of 
them. 
Thiar  orf.  '    Whence  comes  that  saline  quality  which  generally  char- 
S"^'  acterizes  stagnant  lakes  ?     Some  say  that  the  soil  in  the 

neighbourhood  has  been  originally  impregnated  with  salt. 
This  no  doubt  is  one  way  of  removing  the  difficulty:  it 
would,  however,  be  no  easy  matter  to  point  out  the  enor« 
mous  banks  of  salt  which  this  hypothesis  necessarily  re^ 
quires.  Otliers  consider  all  these  salt  lakes  as  the  remains 
of  the  ancient  ocean,  which,  in  order  to  substantiate  our 
theories  ef  the  earthy  must  be  supposed  to  have  formerly 
covered  the  globe.  But  why  should  the  ocean  have  par- 
ticularly ajfected  these  regions?  Why  are  not  all  the 
lakes  left  salt  and  brackish  from  the  same  cause  ?  It  is 
the  opinion  of  very  able  and  accurate  observers,  e^cially 
of  Halley  %  that  all  the  lakes  which  receive  a  great  quan« 
tity  of  fresh  water,  and  which  are  in  a  state  of  stagnation, 
must  have  a  brackish  or  salt  taste,  from  the  corruption  of 
their  waters,  and  from  the  decomposition  of  animal  and 
vegetaUe  substances  which  the  rivers  carry  thither.  There 
is  only  one  objection  to  which  this  opinion  is  liable.  We 
may  ask,  why  do  not  the  saltness,  and  especially  the  bit- 
terness of  these  lakes  progressively  augment  ?  But  is  it 
not  possible  in  some  measure  to  unite  these  three  opinions  ? 
We  will  grant  that  the  anci^ot  sea  did  cover  those  coun- 
tries ;  and  we  will  suppose  it  to  have  disappeared  from  the 
influence  of  absorption  or  evaporation,  and  not  in  conse* 
quence  of  any  efflux  either  sudden  or  slow.  We  shall 
then  say,  that  certain  soils  being  more  compact^  more  glu- 
tinous, more  cold ;  in  a  word,  soils  constituted  in  a  particu- 
lar, manner,  would  be  able  to  retain  in  greater  quantity 
the  saline  particles  of  the  ancient  sea,  which  were  already 
crystallized;  finally,  the  decomposition  of  fresh  waters^ 
and  of  animal  or  vegetable  substances,  so  far  as  it  goes, 
ought  to  produce  salt.     With  respect  to  the  question,  why 

*  Philosophical  TransactioDS. 
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the  sudtn^Bs  does  not  increase,  it  would  be  wiser  perhaps,  to 
acknowledge,  that  the  causes  of  this  circumstance  are  not 
known. 

The  heat  which  svlfhwttoui  waters^  or  those  charged  w«im  rai- 
with  hydrogen  sulphurated  gas  generally  experience,  has  ^^ 
been  explained  in  different  ways.  Common  opinion  attri- 
butes this  phenomoion  to  the. decomposition  and  combus- 
tion of  the  pyrites  over  which  the  waters  pass ;  but  it  may 
be  just  as  possible,  that  beds  of  burning  coal  may  act  an  im- 
portant part  here  ^.  Whatever  the  cause  may  be,  hot  springs 
are  certaitily  one  of  the  most  curious  phenomena  in  physi- 
cal geography :  their  heat  rises  sometimes  to  an  astonishing 
degree.  The  spring  of  Krabland,  in  Iceland,  mounts  even 
to  109  degrees  of  the  centigrade  thermometer  of  Celsius. 

The  most  magnificent  of  these  springs  is  the  great  Geyser 
in  Iceland,  which  rises  up  in  the.  form  of  a  pyramid  of  wa- 
ter and  foam,  more  than  100  feet  high ;  and  the  Stroke  in 
the  vicinity  of  the  Geyser,  that  spouts  up  like  a  stream  of 
water  from  a  pump,  to  a  still  greater  height^.  This  polar 
island  beholds  rivulets  of  hot  water  laving  its  shores,  which 
are  ^rdled  with,  floating  ice. 

There  are  some  waters  which  are  capable  of  taking  fire  Waters 
without  bein&r  hot.     Sometimes  they  contain  inflammable  T^^  "^ 
or  hydrogen  gas,  disengaged  from  mines  of  iron,  zinc,  andbie. 
tin,  dissolved  by  the  sulphuric  and  muriatic;  acids.     Such       • 
are  the  fountains  of  ForrettarNuova,  Barigazp,  and  others ; 
such  is  the  rivulet  near  Ba*gerac,  which  can  be  set  on  fire 
with  lighted  straw  ^   :  Soinetimes .  these  waters  are  mixed 
with  pitch,  or  bitumen,'  especially  with  naphta  and  rock 
oil,  which  in  general  float  on  the  surface,  and  burn^  the 
bosom  of  water;  this  is  seen  at  Bakou,  and  in  several 
places  in  Persia.     The  burning  lake  of  Iceland  appears  to 
belong  to  the  first  class,  and  it  is  not  improbable  that  it 
may  have  sometimes  taken  fire  of  itself.     Persons  de* 


*  Klaproth,  M^m.  de  Chimie,  L  313. 

^  See  afterwards  the  Description  of  Iceland. 

«  Memoires  de  TAoad^mie  des  Sciences  de  Paris,  1699,  p.  86. 
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serviiig  of  credit  astert^  that  they  hxve  seen  the  ^gni^Jii^ 
tuu8  fluttering  on  the  suifaoe  uf  the  lake  Wetter  in  Swe- 
den. 
Petrifying  IncruHmg  tiMl(#r#  ought  to  be  caxefuUy  distinguished 
waters,  from  thoae  possessed  of  a  jp^trifymg  property.  These  last, 
charged  with  alioeous  particles  extremely  minute,  pene- 
trate the  pores  of  wood  and  other  substances,  and  substi- 
tute for  the  elements  of  these  bodies,  other  crystallized 
elemeints  arranged  in  the  same  manner.  This  property 
shews  itself  stronger  than  any  yhere  eke  in  Lough  Neagh 
m  Ireland,  and  in  some  few  springs  ^ ;  but  most  waters  pos- 
sess  it  in  a  certain  degree.  The  Danube  and  the  Pregel 
petrify,  in  the  course  of  some  ages,  the  stakes  whidi  are 
planted  in  them, 
incruiting  Incrtisting  waters  act  in  a  more  evident  manner,  by  de« 
positing  like  a  crust  the  earthy  partides  with  which  they 
are  loaded.  The  spring  of  Guancavelica,  which  by  depo- 
siting calcareous 'sediments,  furnishes  the  rough  stones  of 
which  the  neighbouring  towtis  are  built;  the  beautiful- 
alabaster  formed  by  the  hatha  of  St  Philippe  in  Tuscany^ 
and  by  a  hot  spring  near  Tours ;  the  deposits,  known  under 
the  name  of  sugar-plums  cf  Tivdi  ;  the  magnificent  basin 
which  the  q>rings  of  Carlsbad  have  constructed  for  them- 
selves; and  many  more  examples  might  be  referred  to,* 
but  it  would  be  unnecessary  and  superfluous  to  illustrate  so 
simple  a  fact  Let  us  rathdr  observe,  that  this  quality  of 
incrustation,  belonging  more  particularly  to  hot  springs,  is 
likewise  found  in  several  that  are  cold. 
.  Hie  ordinary  deposits  consist  of  calcareous  tu&  or  sand- 
stone. The  Geyser  deposdts  a  silicedus  tufa:.  These  ob-« 
setvations  may  suffice  for  the  theory  of  the  soft  and  mineral* 
waters  collected  upon  the  surface  of  the  solid  earth.  A 
more  extensive  scene  now  invited  us,  the  immensity  of  the^ 
ocean. 

*■  Bruckmann,  Magastn  de  Hambourg,  156,  iv.  503^  etc. 


FBXaMAli  fiKQGBAYHY.  915 


BOOK  XIV. 


Cwtimuttion,  of  the  Tbeofy  af  Qeograpky.     Of  ihe  Sea^ 
and  Sea  w(Uer,    Of  Tides  and  Currents. 

The  sea  is  one  of  the  most  important  subjects  of  physical  General 
geography.  The  ocean,  by  its  exhalations,  which  refresh  ^^^^* 
and  inoistmi  the  air,  supports  vegetable  life,  and  fiomishes 
the  necessary  supply  to  those  valuable  canals  of  running 
water,  which,  though  constantly  flowing,  neVer  become 
empty.  Without  the  kindly  influence  of  these  vapours, 
which  every  moment  escape  from  the  surface  of  the  sea,  all 
the  earth  would  languish  like  a  desert ;  the  drying  up  of 
the  ocean,  whether  slow  or  rapid,  would  probably  be  suffi;^ 
dent  to  reduce  all  oiganized  nature  to  a  state  of  annihila- 
tion. That  vast  mass  of  water  is  equally  useful  for  absorb- 
ing  and  decomposing  a  great  quantity  of  noxious  gas,  and 
animal  and  vegetable  remains.  The  ocean  too,  by  afford- 
ing increased  facilities  to  commerce,  secures  the  advantages 
of  neighbourhood  to  nations  which  so  many  lofty  moun^ 
tains  and  so  many  rapid  rivers  seemed  to  have  separated 
for  ever  from  each  other. 

We  have  treated  of  the  varied  appearjoncee  of  coasts 
which  form  the  common  boundaries  of  sea  and  land.    As  to 
the  bottom  of  the  basin  of  .the  sea,  it  seems  to  have  inequa^  ^ 
lilies  similar  to  those  which  the  surface  of  continents  exhi- 
bits; if  it  were  dried  up,  it  would  present  mountains^  val- 
leys, and  plains.     It  is,  moreover,  inhabited  almost  through-  Bouom  of 
out  its  whole  extent,  by  an  immense  quantity  of  testaceous  *«  «««• 
animals,  or  covered  with  sand  and  gravel.     It  was  thus  that 
Donati  found  the  bottom  of  the  Adriatic  sea ;  the  bed  of 
testaceous  animals  there,  according  to  him,  is  several  hun- 
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dred  feet  in  thickness  ^  The  celebrated  diver  Fescecola, 
whom  the  Emperor  Frederic  II.  employed  to  descend  into 
the  strait  of  Mes^na^  saw  there  with  horror,  enormous 
polypi  attached  to  the  rocks,  the  arms  of  which,  being  se- 
veral yards  long,  were  more  than  sufficient  to  strangle  a 
man  \  In  a  great  many  places,  the  madrepores  form  a 
kind  of  petrified  forest,  fixed  at  the  bottom  of  the  sea,  and 
frequently  too,  this  bottom  plainly  presents  different  layers 
of  rocks  and  earth.  The  granite  rises  up  in  sharp  pointed 
masses.  . 

Near  Marseilles,  marble  is  dug  up  from  a  submarine 
quJEury.  There  are. also  bituminous  springs,  and  even 
springs  of  fresh  water,  that  spout  up  from  the  depths  of 
the  ocean ;  and  in  the  gulf  of  Spezia,  a  great  spout  or 
fountain  of  fresh  water  is  seen  to  rise .  like  a  liquid  hill  °. 
Similar  springs  furnish  the  inhabitants  of  the  town  of  Ara- 
dus  with  their  ordinary  beverage  *. 

On  the  southern  coast  of  Cuba,  to  the  south-west  of  the 

port  of  Batabano,  in  the  Bay  of  Xagua,  at  two  or  three 

miles  from  the  land,   springs  of  fresh  water  gush  up  with 

•such  force  in  the  midst  of  the  salt,  that  small  boats  cannot 

•approach  them  with  safety ;  the  deeper  you  draw  the  Water 

the  fresher  you  find  it  ®.     It  has  been  observed,  that  in  the 

neighbourhood  of  steep  coasts,  the  bottom  of  the  sea  also 

sinks  down  suddenly  to  a  considerable  depth,  whilst  near  a 

low  coast,  and  one  of  gentile  declivity,,  it  is  only  gradually 

that,  the  sea  deepens  ^. 

Depth  of        There  are  some  places  in  the  sea  where  no  bottom  has 

the  sea.      y^^  jjggjj  found.     But  we  must  not  conclude  that  the  sea  is 

really  bottomless;  an  idea,  which,  if  not  absurd,  is  at  least 

^  Donati,  Storia  Naturale  Marina  del  Adriatico.     Marsigli,  Histoirc  Fhf- 
'    sique  de  la  Mer. 

^  Kiicher,  Mundus  Suhterraneus,  L  ii«  c.  15. 
^  Spallanzani,  Journal  de  Physique,  July,  1786. 

^  Strabo,  Geog.  1.  xvl  p.  753,  edit.  Casant  2o<     Comp.  Pliny,  Hist  Nat. 
V.  31.  ii.  1Q3. 

'^  Humboldt,  Tableaux  de  la  Nature,  L  235. 
Dampier,  Voyage  round  the  World,  ii  119.     Pontoppidan,  Natural  His- 
tory of  Norway,  i.  109,  (in  Danish.) 
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by  no  means  conformable  to  the  antilogies  of  natural  science. 
The  mountains  of  continents  seem  to  correspoad  with  what 
are  called  the  abysses  of  the  sea ;  but  now,  the  highest 
mountains  do  not  rise  to  S0,000  feet  It  is  .true,  that  they 
have  been  wasted  down  and  lessened  by  the  action  of  the 
elements ;  it  may,  therefore,  be  reasonably  conduded,  that 
the  sea  is  not  beyond  90,000  feet  in  depth ;  but  it  is  im- 
possible to  find  the  bottom  even  at  one-third  of  this  depth 
with  oiir  little  instruments.  The  greatest  depth  that  .has 
been  tried  to  be  measured,  is  that  found  in  the  northern 
ocean  by  Lord  Mulgrave ;  he  heaved  a  very  heavy  sound- 
ing lead,  and  gave  out  along  with  it  cable  rope  to  the 
length  of  of  4,680  feet,  without  finding  the  bottom. 

The  level  of  seas  is,  generally  speaking,  the  same  every  X^evelol 
where.  This  arises  from  the  equal  pressure  in  every  direc-"^ 
tion  which  the  particles  of  a  fluid  exercise  upon  each  other. 
The  ocean  conddered  as  a  whole,  has  then  a  spherical,  or 
rather  a  spheroidical  surface,  which  may  be*con^dered  as  the 
true  surface  of  our  planet.  The  only  exception  to  this  po- 
lation,  may  perhaps  be  found  in  gulfs  and  inland  seas, 
which  have  only  a  slight  communication  with  the  ocean. 
In  these  parts  of  the  sea,  the  level  of  the  water  may  some- 
times be  a  little  more  elevated  than  in  the  ocean.  It  is  al- 
leged that  the  Dutch  found  the  level  of  the  gulf  of  the 
Zuyderzee  con^derably  higher  than  the  North  Sea^.  It 
appears  more  probable,  that  the  Arabian  Gulf  is  more  ele- 
vated than  the  Mediterranean,  and  that  in  general,  small 
portions  of  sea,  open  only  to  the  east,  have  a  higher  level 
on  account  of  the  accumulation  of  the  waters  driven  into 
these  gulfs,  as  into  an  alley,  without  an  outlet,  by  the 
general  movement  of  the  sea  from  east  to  west,  a  movement 
of  which  we  shall  hereafter  speak.  There  are  also  me- 
diterranean seas  where  the  level  of  the  waters  change  with 
the  seasons.  The  Baltic  and  Black  Sea  swell  in  the 
spring  from  the  abundance  of  waters  which  the  rivers  bring 
along  with  them.     These  two  interior  seas  approach  more 

t  Varenius,  General  Geography,  p.  101,  edit  of  Newton. 
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Befffiy  the  nature  ct  lakes,  Which  have  gen^allj  a  higheof 
level  than  the  ocean. 

Sea  water  oontakiB,  besides  pure  water,  several  extra- 
neous substances,  in  proportions  which  vary  in  Afferent 
places^ 
Chemical  Muriatic,  or  marme  acid,  vitriolic,  or  sulphuric  arid, 
"'^t^  ^^^  mineral  alkaH,  magnesttm,  and  sulphated  Ume,  form  in 
gemaoaX  the  component  parts.  By  boiling  or  by  evaponu 
lion  in  the  air,  oommon  salt  i^  obtained,  (muriate  of  soda,) 
^ich  is  preferred  for  salting  meat,  to  the  salt  of  i^nringa. 
The  saltness  and  bitterness  of  sea  water,  renders  it  dtsa^ 
greeable  to  the  taste,  and  unfit  for  the  use  of  man. 
Saltness  of  The  43altnes8  of  the  sea  seems  in  general'to  be  less  to- 
wards the  pdes,  than  under  the  equator.  There  are,  how- 
ever, exceptions  in  certain  countries,  and  generally  in  aii 
gulft  which  receive  a  great  many  rivers.  The  ibiiowing 
observatiaQS  upon  this  subject  are  from  Bergmann^. 

Naur  Iceland*  the  sea  oontuns  of  salt,  •       .-  ^  to  |^  of  itt  we^t* 

Netr  the  coasts  of  Norway,  Nortli  Sea  S      -        -  iV  •••    i  

Ib  the  Kattegat,  neir  VfarbeigS        •        - '      •  .« ...  ^, 

In  J^e  Baltic  Sea»  .       .       .^       .       •  •— ...  ^.....^ ». 

In  the  gulf  of  Bothnia,     .....  ^V  •••  ^  •—••••••••••• 

f  Near  Northumberland,   -  .....  g^  

In  the  North  Sea,       •<  Near  <he  Thames*       ^  -  .....  ^  ', 

(UpontheooaitofHoDaihd,  —  *..3*,  .,.«.. 

In  the  Irish  Sea,  near  Cumberland*        ...  ......  ^  •.....,. 

In  the  English  Channel,        -      '  -        «        -        ......  ^i^  

Sea  water  is  in  several  places.  less  sak  at  the  surface 
than  at  the  bottom.  In  the  straits  of  Constantinojde^  the 
proportion  is  as  72  to  6K.  In  liie  Mediterranean,  as  32 
to  89.  It  has  be^n  founds  says  Bergmami,  that  in  the 
CEresund)  the  water  taken  at  the  sui^e,  aud  from  the 

^  Physical  Gfecg.  i.  431.    Comp.  Ingenhousz*  Experiments  upon  Vegeta- 
bles, p.  284. 

*Hieme,  Tentam.  Chem.  ii.  178. 

^  Swedenbourg,  Misoel.  Observat.  10% 
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depth  of  tf  to  £D  fatfaoms,  was  in  propcxrtkm  to  melted 
snow  water,  as  10,047, 10,060,  and  10,188  to  1Q»000.  Wa.' 
ter  on^t  to  be  denser  and  heayier  at  a  certain  depth,  and 
from  the  result  of  experiments,  in  whidi  a  pressure  has- 
been  applied  to  it,  equal  to  what  it  sustains  1 ,800  fathoms^ 
fran  the  surface,  it  has  been  computed  that  at  that  depth 
it  should  be  compressed  y^l^  by  its  own  weight  Sea  wa- 
ter, by  acquiring  additional  saltness  seems,  at  a  certain  depth, 
to  lofie  its  bitterness ;  so,  at  least,  it  appears  from  the  ob^ 
servations  of  Sparrmannj  who  took  up  a  bottle  of  sea  wa« 
ter  from  the  depth  of  60  fiithoms,  and  found  it  had  the 
taste  of  fre^  water,  in  which  «»nmon  salt  had  been  dis- 
solved. According  to  chemical  analysis,  it  had  very  little 
magnesia^. 

Sea  water  experiences  great  changes  from  the  agitation  Variations 
of  the  waves,  from  the  variations  of  seasons,  and  from  the  ^  ^^f^^- 

'  ness  of  sea 

action  of  the  currents.  Near  Walloe,  in  Norway,  idiere  water. 
there  is  a  salt-pit,  it  has  been  remarked,  that  the  sea  water 
taken  at  the  surface  contains  ^'^  of  its  weight  of  salt  at  the 
moment  the  ice  is  detached^  which  extends  90  feet  down ; 
whilst  the  salt  in  every  other  season  is  in  the  proportion 
only  of  ^V  Upon  the  coasts  of  Cumberland,  in  England, 
a  still  Stronger  evaporation  is  experienced,  lis  there  is  ge- 
nerally ^^  of  salt  in  the  sea  water,  which  is  sometimes  re- 
duced by  excessive  rains  to  ^^,  Upon  the  coast  of  Mala- 
bar, the  .sea  water  sometimes  becomes  drinkable  ^.  In  the 
Sound,  the  waters  change  their  weight  and  saltness  with  the 
winda  and  currents :  when  they  come  from  the  east,  the 
water  weighs  only  t^^V^  more  than  melted  snow ;  on  the 
contrary,  when  they  come  from  the  west,  it  weighs  TTsw^y 
It  is  su][^sed  that  in  Iceland  the  sea  is  more  salt  during 
the  Bow  than  the  ebb  of  the  tide,  whilst  in  the  Gulf  of 
Bodinia,  it  is  qiate  the  contrary ;  for  the  inhabitants  know 
by  the  progressive  increase  of  the  saltness  during  the  ebb. 


*  Bergmann,  dans  la  Magadn  de  Physique  de  6otha>  ii.  cah.  i.  p.  QQ*— 101. 
(3d  edit.  Gennan.) 
»  Duhamel,  Philos.  Burg.  ctt6  par  Bergmum*  i.  434. 
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the  inoment  when  the  flow  approachies.     In  this  gulf,  the 
saltness  of  the  sea  is  in  jgeneral  greater  towards  the  winter, 
and  less  towards  the  summer  'solstice,  Vhich  unquestion- 
ably anses  not  only  from  the  flowing  of  the  rivers,   but 
also  from  the  melting  of  the  ice  ". 
Qj-  '    £       It  is  ea^er  to  perceive  the  great  advantages  resulting 
the  saltness  from  the  saltness  of  sea  water,  than  to  discover  its  origin, 
^sea  wa-   -^if;i^Qut  this  saltness,  and  without  the  agitation  in  which 
they  are  continually  kept,  the  waters  of  the  sea  would  be- 
come tainted,  and  would  be  infinitely  less  adapted  for^the 
motion  of  vessels,  and  probably  it  is  to  this  that  the  inha- 
bitants of  the  ocean  owe  their  existence.      But  whence 
comes  this  saltness  ?     Is  it  from  beds  of  salt  lying  at  the 
bottom  of  the  sea  ?     These  beds  themselves  appear  rather 
to  consist  of  deposits  which  the  sea  has  formed  by  precipi- 
tation.    Does  the  saltness  originate  from  the  corruption  of 
river  water  ?     It  seems,  in  fact,  that  the  fresh  water  which 
is  dischargeid  into  close  and  stagnant  lakes  becomes  cor- 
rupted, decomposed,  and  forms  deposits  of  salt.     Now  the 
ocean  may  be  considered  as  a  great  lake,  the  common  re- 
servoir of  all  terrestrial  waters.     But  in  this  case,  it  is  said, 
that  the  saltness  should  increase  from  day  to  day.     HaUey, 
who  broached  this  opinion  °,  wishes  that  experiments  were 
made  which,  in  future  ages,  might  conduce  to  throw  light 
on  the  subject.     Several  modem  philosophers  consider  the 
sea  as  the  residuum  of  a  primitive  fluid,  which  must  have 
held  in  solution  all  the  substances  of  which  the  globe  is 
composed ;  that  these  sea  waters  having  deposited  all  the 
earthy  principles,  both  acid  and  metallic,   with  which  they 
were  impregnated,  there  remains  in  their  residuum,  (which 
is  the  present  sea,)  some  of  these  elementary  princijdes  too 
intimately   combined  with  water  to  escape  from  it ;  and 
with  respect  to  the  bitterness  of  sea  waters,  as  it  diminishes 
in  proportion  to  the  depth,  it  can  arise  solely  from  the  great 
quantity  of  decomposed  and  putrifying  animals  and  vege* 

*  Palmatruck,  Officier  Su^dois,  cit^  par  Bergmann,  1,  c 

*  Philosophical  Xransactions,  No.  334. 
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table  substances  wluch  float  in  the  ocean,  and  which  the 
numing  waters  never  cease  to  bring  into  it. 

Various  methods  have  been  employed  to  render  sea  water  Attempts 
drinkable.     The  only  one  which  has  succeeded  is  distillar^*""^ 
^n ; .  but  it  requires  too  much  care,  and  too  much  fuel  todiinkilileu 
be  made  use  of  frequently,  or  on  a  large  scale.    Even  dis- 
tillation  does  not  divest  sea  weater  of  all  its  bitterness,  when 
it  contains  sal  ammoniac.     Thus  mariners,  though  sailing 
in  the  midst  of  water,  often  see  themselves  exposed  to  all 
the  horrors  of  dying  of  thirst  when  their  stock  of  fresh  wa- 
ter has  been  exhausted.     But  should  they  be  fortu^a^ 
enough  to  fall  in  with  floating  or  fixed  ice,  pieces  of  it, 
when  melted,  afford  them  water  which  is  fresh,  although 
a  little  indpid  p. 

The  cdbmr  of  the  sea  varies  very  much  in  appearance,  Coiottr  of 
but  it  is  generally  of  a  deep  bluish  green,  which  becomes"' 
clearer  towards  the  coasts.  This  apparent  colour  of  the 
sea  seems  to  arise  entirely  from  the  same  causes  which  im- 
part a  blue  shade  to  distant  mountains,  and  which  give  the 
atmosphere  its  azure  hue.  The  rays  of  blue  light,  being 
the  most  refrangible,  pass  in  the  greatest  quantity  through 
the  aquatic  fluid,  which,  from  its  denaty  and  depth,  makes 
them  undergo  a  strong  refraction.  . 

The  other  shades  in  the  colour  of  sea  waters,  depend 
on  causes  which  are  local,  and  sometimes  illusory.  It 
is  said  that  the  Mediterranean  Sea,  in  its  upper  part, 
has  sometimes  a  purple  tint.  In  the  gulf  of  Guinea,  the 
sea  is  white,  and  around  the  Maldive  Islands  black.  The 
Vermdlle,  or  Vermillion  sea,  near  California,  has  recdved 
its  name  from  the  red  colour  which  it  often  assumes.  The 
jsame  phenomenon  was  observed  at  the  mouth  o^the  river  . 
Plata,  by  Magellan^  and  also  in  other  places. 

It  is  not  impossible  that  a  great  number  of  certain  in^ 
fleets  may,  for  some  time,  give  a  reddish  or  whitish  tint  to  an 

V  See,  MDflBgst  others,  Fonter*s  ObservatioiiB  made  daring  his  Voyages,  p. 
£0—62,  (in  German.)  Brdimar,  NoaveDe  Methode  de  -  DistiUer  TEau  de 
mer,  daat  Voigt,  Magasin  dcs  Sciences  MatuxeOes,  m  417,  tqi* 
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expanse  of  sea.  The  ihftision  oF  fcertam  earthy  dr  mr- 
neral  substances,  the  nature  of  the  soil,  aifd  otiner  caasefS^ 
may  produce  these  appearances. 

The  green  and  yellow  shades  of  the  sea  ^isle  frdm  inaHnd 

vegetables.     In  some  places,  thede  vegetaMes  have  been 

observed  to  rise  to  the  surface  rf  the  water,  aikl  cover  ft 

entirely,  as  between  the  -Canary  and  Cape  De  Verd  Isla^tds, 

in  the  road  or  rade  which  the  Dutch  call  Krobss-Jieey  and  Ihfe 

Marine  vc-  Pof  tuguese  Mare  di  Sargasso,     This  is&aiihe  vegetelioh 

*^******"*     pre^nts,  upon  a  large  scale,  phenomena  siibiilar  to  Ae 

if^orescence  upon  lakes.     In  the  lakes,  th6i^  are  very  thin 

masses  covered  with  hair,  which  rise  during  the  Aay  to  thfe 

-surface  of  the  water,  and  sink  beneath  it  during  the  night. 

li^t  of         The  lig/U,  or  sparkling  of  the  sea^  is  a  tm^tnfieent  aild 

^  "^      imposing  spectacle.     Sometimes  the  vessel,  ^hile  ploughing 

her  way  through  the  billows,  appears  to  mark  out  a  furrow 

t)f  fire ;  each  stroke  of  the  o^r  emits  a  light  sometimes  hnL 

iiant  and  dazzling,  at  other  limes  tranquil  ind  pearly. 

These  moveable  fights  are  grouped  in  endless  varieties. 

Here  thousands  of  luminous  points,  like  little  stars,  appear 

floating  on  the  surface;  and  then,  multiplying  together, 

form  one  vast  sheet  of  light.     There  the  scene  becomes 

more  tumultuous,  the  refulgent  waves  heav6  up,  ^oU,  and 

break  in  shining   fokm.     At  other  times,  we  see  large 

sparkling  bodies  resembling  the  forms  of  fishes,  pursiui!D^ 

each  other,  disappeaiing,  and  bursting  forth  anew. 

Fhospho-        The  explanaition  of  this  phenomenon  has  very  much  ocu 

"••^^^J^  cupied  the  attention  of  philosophers.    Valisneri,  Rigattd, 

Dicquemare  %  have  shewn,  that,  on  a  number  Of  occasions, 

this  light  w^s  pirodUced  by  a  little  animal  called  the  glom 

iiDorin  qf  the  sea.     This  animal  has  a  body  extremely  thill 

and  transparent,  is  possessed  of  astonishing  activity,  and 

emits  a  dazzling  and  vivid  light.     The  observations  of 


^  Rigaud,  Journal  des  Savtms,  1770,  Cahier,  de  Mai,  Dicquemare,  Jour« 
nal  de  Physique,  Octobre,  1775.  Vianelli,  Nuove  Scc^perti  alle  Ijucc  Mw- 
fiirne.    Vcuise,  1746, 
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GriselifH,  of  Godeheu,  of  Dag^et,  and  of  Adsnaon^,  tnvre 
p^ved  thftt  the  sea  cofitain^  other  lummous  amnalfiy  paiw 
tieularly  soolopefids^ae,  aiid  polypi. 

The  ^nedu^ca  dart  ftonx  their  aUtennfle,  or  horns,  a  wtrf 
strong  light,  similar  to  that  of  a  candle,  idiilst  iheit  bodf 
^einakis  in  obscurirty '.  The  pmnahila  marhia  throws  oat 
so  much  hght,  that  it  makes  all  the  other  fish  caugbt  ik 
t!)*e  same  net  quite  discerniUe  at  night  K 

All  th6  Zoophytes  and  the  Moltusca  seem  to  be  pboi^ 
phorescent  in  a  greater  or  less  degree.  The  ob8ervatk>iii»«if 
H.  P^ron^,  and  Langsdorff*,  confem  tins  explanation  4f 
^utmBcKO  pheaomena  in  the  sea,  and  it  is  the  only  one  that 
tnn  be  admitted  as  genemt.  It  appears  that  this  etiiiMoft 
t)f  phosphorus  arises  from  the  excited  state  of  the  Yhafl 
spirits  in  these  dBfferent  animals,  and  that  it  is  chiefiy  ait  fte 
moment  of  amorous  enjoyment  that  they  cast  forth  bo  briU 
Ka-nft  a  light.    . 

Fougeroux,  Canton,  Forster,  and  other  accurate  cib^  Phosphomi 
servers,  ivWle  they  agree  with  respect  to  the  existence  of  ^^^^ 
gloMT  -worms,  thitik  that  the  light  of  the  sea,  when  it  is 
tranquil,  and  as  it  were  united  with  the  waiter,  mgimUM 
fpom  the  decomposition  of  yegetaibie  and  animal  substance^ 
cofflected  together  in  it,   and  which,  in  putrifying,  ^tfiit 
f  heir  phospborus.     Light  of  this  description  is  chiefly  ciib 
fitetved  in  long  ^hns,  and  after  great  heat  y.     The  spawa  irf 
Bfih  also  possesses  the  power  c^  emitting  a  o^rtiain  Hgbft— 4t 
is  perhaps  to  this  cause  ^lat  we  ewe  these  li»mnoiis  ap- 

*  Lalande,  Xetter,  Ac  dans  le  Joutnal  fles  Savans,  1777.  Orisdinl,  Ob- 
ifervatiottt  «ir  la  Scolependie  M^utoe^  &c  JooMisl  de  Pliyrique,  Ifsit  Jus» 
vier*  Socm 

*  Fatf5lul>  dABB  Niebuhr,  Voyage  en  Ar;d>ie,  i.  p.  7,  (m  GennaoO 

*  i^hilofiophical  Traiisactions,  vol.  liii.  plate  19,  %.  1—4.  Shaw,  Spallaii-- 
zani,  &C. 

« JNroD,  Vcymgies  a«R  IVfresAnBtrales,  L-^I.  Comp.  Antwdcsdii  Mm^ 
mn,  ii.  cahio  2. 

>  Langsdorff;  doos  Voigt,  Magasin  de  Physiqiie  et  d'Histoue  Natindl^ 
z.  202. 

Forster,  Observations,  etc  p.  57*58.  Id.  dans  Sparmann,  Voyage  au 
Cap,  p.  5.  Canton.  Philosoph.  Transact,  vol.  lix.  p.  446.  Fougeroux,  sur 
U  lumiere  que  donne  Teaii)  etc  Memoires  de  TAcad.  de  Fans,  1767. 
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pear^nces  in  the  Northern  seas,  which  are  ddled  by  the  fish* 
ermen  herring  lights.  This  marine  phosphoric  light  has 
been  noticed  to  be  strongest  during  a  storm,  which  has 
given,  rise  to  the  belief  that  the  phenomena  was  produced 
by  the  friction  of  the  marine  currents.  Upon  ^s  subject, 
.we  shall  quote  '  a  reflection  of  Newton^s :  '^  Do  not  all  so- 
lids,'^ says  this  great  philoaoj^er,  <<  when  they  are  heated 
beyond  a  certain  degree,  emit  a  portion  of  light— and  is  not 
.this  emission  produced  by  the  vibratory  motion  of  their 
particles.  ?  And  do  not  all  the  bodies  which  abound  in  earthy, 
and  particularly  sulphureous  particles,  throw  forth  light  as 
often  as  these  particles  are  sufficiently  agitated  ?  may  not  this 
a^tation  proceed  from  heat,  friction,  putrefaction,  from 
vital  motion,  or  frqm  some  other  cause  ?  It  is  thus  that  sea 
•water  in  a  strong  tempest  becomes  luminous  ^^ 

The  light  which  arises  from  living  animalcules  generally 
precedes  storms,  the  approach  of  which  they  thus  in  some 
degree  appear  to  foretell. 
Tempera-       '^^^  temperature  of  the  sea  changes  less  suddaily  and  less 
^^<^^  easily  than  that  of  the  atmosphere.     Sea.  water  is  a  bad 
conductor  cf  heat.     Besides,  the  visible  solar  lays  cannot 
|ieat  the  bottom  of  the  sea,  as  they  only  penetrate  to  970, 
or,  according  to  Bpuguer,  678  (French)  feet.    Beyond  that 
.limit  the  sea  receives  no  more  light — ^but  the  heat  perhaps 
.penetrates  a  little  farther.     The  temperature  of  the  depth 
of  the  sea  would  appear  then  to  follow  that  of  the  interior 
of  the  globe  in  different  latitudes.     But  the  expierments  of 
M.  Peron  have  proved,  that  the  temperature  of  the  sea  at 
great  depths  diminishes  in  a  constant  progression,  from 
which  fact,  however,  we  must  not  conclude  that  the  bottom 
of  the  sea  is  actually  congealed^. 
Maiint  ice.     ^A™^  '^^  appears  to  be  produced  towards  the  poles,  ac- 
'  cording  as  the  saltness  of  the  sea  diminishes,  and  the  rota- 
tory motion  of  each  point  of  the  globe  becomes  less  rapid. 

V 

•  •  • 

*  Bajon»  Histdre  Naturelle  de  Cayenne,  vol.  L 

»  Kewton^s  Optica,  p.  114. 

I'  Feron,  Memoire  lu  a  rinstituU 
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As  low  as  the  40th  degree  of  latitude,  large  pieces  of  ice  are 
seen  floating  upon  the  sea,  having  been  detached  from  some  - 
more  northern  place,  and  carried  along  by  the  currents  > 
which  flow  from  the  pole  to  the  equator.    At  50  dc^grees, ' 
it  is  commcMi  to  see  the  rivers,  the  lidces,  and  even  tbeedg^s  ' 
of  the  sea  covered  over  with  ice.   At  60  degrees  of  nortiiern. 
h^tude,  the  gul&  and  the  interior  seas  are  often  fik>zen  . 
over  their  whole  surface  ;  at  70  degrees,  the  floating  fields 
of  ice  become  more  firequent  and  more  enormous ;  and  'to- 
wards the  80  degree,  we  find  the  ice  more  frequently  sta*' 
tionaiy ;  not  because  the  sea  is  frozen  d6wn  to  its  bottom, 
biit  because  the  ice  then  sticks  together,  and  becomes  im«- 
moveable  from  the  vastnete  of  the  masses  in  which  it  is  ac«- 
cumulated.    All  these  ph^iomena  are  met  with  in  the: 
southern  heinispbeie,  but  in  a  more  rapid  progression,  so 
that  fields  of  ice  occur  at  TO  degrees,  and  extensive  floating, 
islands  of  ice  appear  in  great  numbers^  and  are  sometimes, 
even  stationary  in  this  ^de  of  the  €Oth  degree  of  latitude.^ 

The  islands  of  ice  are  often  half  a  league  long,  and  rise 
160.  feet  above  the  water.  These  enormous  masses,  so 
dangerous  to  ships,  are  formed,  it  is  said,  by  the  accumula^ 
tion  of  sheets  of  ice  which  glide  the  one  over  the  other  ^ 
bat  we  should  be  inclined  to  believe,  that  in  several  case» 
the  masses  of  ice  are  like  crystals  formed  amultaneouslyy 
and  as  it  were  at  one  cast  '  Congelation  is  in  truth  nothin^^ 
but  crystallization,  and  the  principle  which  determines  it 
may,  towards  the  poles,  be  exerted  with  a  force  beyond  our 
oonoeptioDs. 

The  fields  of  ice  are  firequently  of  immense  ext^it.  Cook  AppeMuot 
found  a  chain  of  them  which  joined  Eastern  Asia  to  North- 
America.  The  appearance  of  these  continents  and  islands 
of  ice  surpass  all  that  the  imagination  can  conceive.  Here, 
we  fancy  that  we  behold  mountains  of  pure  crystal  and 
valleys  sown  with' diamcmds.  Thore,  greyish  towers  with, 
thdr  resplendent  points  seem  to  rise  above  a  rampart 
crowned  with  ice.  The  ms^ifying  medium  of  a  hazy  at- 
mosphere,  renders  this  spectacle  still  more  gigantic.  He 
must  have  a  heart  of  iron  who  dare  penetrate  into  these  in- 
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hospkabk  woa  ;  fix*,  if  the  navigator  has  sot  to*  fear  temL 
pestS)  which  are  extremely  nire  in  these  latitudes,  nor.  water 
spoute  and  hurricanes,  which  are  there  uiikftovn,  he  will 
he  assailed  with  odier  dangers  mudi  more  capaUe  of  ap^ 
Dangers  of  paUing  the  most  intfepid  minds.     Sometimes  huge  bocfiesi 
tor  kT^r'  ^^9  impelled  ^Hong  hj  the  winds  and  the  ciinrenis  of  the 
trnztn  teas,  sea,  dash  against  his  frail  vessel ;  and  th^e  is  no  rock  s& 
dangerous  nor  so  difficult  to  avoid.    Sometimes  these  float* 
ing'  mountains  treacherously  surroand  the  navi^tor,  and 
Mock  up  every  outlet ;  his  ship  is  arrested  in  her  course;  and 
I  becomes  immoveable.    In  v«n  does  the  feeble  axe  endea. 

i  TOUT  to  break  these  enormous  masses,  in  vain  do  ihe  saik 

invite  the  winds ;  the  ship  is  as  it  were  sc4dered  into  the 
ice,  and  the  mariner,  cut  off  from  the  world  of  living  beings, 
remmns  fixed  in  a  solitude  of  death.  How  frightful  as  the 
situation  of  those  who,  thus  hemmed  in  by  the  ice,  have  no 
other  resource  left  than  to  quit  their  vessel  and  walk  ovor 
that  consolidated  crust  of  sea,  which  is  every  moment  crack* 
ing  and  ready  to  ^k  under  their  feet !  When  almost  dead 
with  cold  and  hunger,  they  consider  diemselves  fisriunate 
should  the  floating  piece  of  ice  on  which  they  sail  caA 
them  upon  the  shore  of  Siberia,  or  Nova  ZemUa.  But 
there  is  generally  very  little  hope  of  life  for  the  wretched 
beings  who  suSer  shipwreck  in  these  dreadful  regions. 
Either  the  icy  waves  engulph  them,  or  they  are  devoured 
by  the  tyrant  of  this  dreadful  empire,  the  white  bear ;  or, 
lastly,  the  intensity  of  the  cold  extinguishes  the  vital  heat» 
their  feet  adhere  to  the  ice,  their  blood  no  longer  eireulatea 
in  dieir  veins,  and  the  polar  night  becomes  to  them  a  ni^t 
Ti4)ich  is  eternal 

An  ingenious  writer*  has  imagined,  that  the  pedes  vem 
each  of  them  surrounded  by  a  vast  cupola  of  ice,  so  exten*. 
sive  as  to  produce  by  its  daily  melting,  the  phenomenon  o£ 
tides,  just  as  the  melting  of  the  snow  in  the  Alps  occasions 
periodical  movements  in  certain  lakes  atid  fountains ;  bat 
the  phenomena  of  tides  cannot  be  explained  in  this  mann^> 

*  Bernardin  de  Saint- Pierre,  Etudes  de  la  Nature. 
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Utid  even  tHe  existence  of  two  fiuoUar  cupolas  is  very  doubt* 
ftil.  As  a  certain  a^tation  is  necefisary  to.producip  ice,  it 
may  be  impppsed  that  congektion  was  more  of  a  permanent 
^Muractev  towards  the  8Qth  degree  th^  at  the  pole  itself. 
Same  su^dep  squalls  of  wind,  which  navigators  experience 
ifD  these  latitudes,  and  which  come  from  tlie  pole,  appear  to 
indicfUie  suocesave  changes  in  the  state  of  this  extreme  point 
of  the  globe.  It  is,  at  any  rate  certain,  that  the  inelting  of 
the  polar  ice  contributes  to  form  the  currents  which  set 
from  iba  pole  to  the  equator. 

The  masses  of  ice  do  not  diffuse  so  pierciiig  a  cpid  around 
^em  in  the  regions  where  they  are  found,  as,  when  detached 
and  mdting,  they  are  carried  by  the  waves  towards  other 
part$.of  the  ocean ;  for,  as  ice  is  formed  only  in  consequence 
of  the  absence  of  heat  or  caloric,  its  melting  is  occasioned  by 
a  new  oomt^auUioa  with  the  caloric ;  which  it  absorbs  with 
avidity  from  the  surrounding  air,  and  consequently  renders 
it  extremely  cold. 

The  water  of  the  sea  yields  to  the  slightest  impressicm-^  Motions  of 
and  although  its  density  and  weight  combine  to  retain. it  in  ^®  ^^ 
a  constant  equilibrium,  it  is  agitated  to  a  certain  depth,  fay 
very  rapid  and  varied  motions.  These  motions  may  be 
i^assed  according  to  the  manner  in  which. the  particles 
move,  and  according  to  the  nature  of  the  agents  which  give 
rise  to  the  motion. 

Difference  of  direction  distinguishes  t^e  horizaaial  md* 
tions  from  the  vertical  In  the  first,  the  wateir  flows  along 
the  surface  of  the  globe ;  in  the  others,  it  retires  from, 
and  approai^hes  to  the  centre  of  the  earth.  Horizontal 
motions  may  be  direct  or  reeurvedf  or  even  circuiur^ 
&C.  Oq  the  extent  and  duration  of  the  motion  depiends  the 
difference  between  oicWaiioiu.  in  which  the  whole  mass  of 
water  is  moved  at  once,  and  unduhUums^  in  which  the  mo- 
tion is  propagated  from  one  part  of  the  mass  to  the  other. 
•  We  may  distingui^  three  kinds  of  motions  in  the  sea, 
considered  in  refenBnce  to  the  causes  which  produce  them ; 
the  tides  are  sidereal  motions^  because  they  depend  upon  the 
influence  of  the  heavenly  bodies ;  general  currents,  and  the 
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glfeatest  smnber  of  particnlar  currents,  liave  tb&r  qaua^fli  in: 
tlie  very  element  that  is  agitated  by  them  ;  these-  th($.n  ^re 
motions  of  the  sea  itsdfi-  The  third  kind  coiaprdiends  a^ 
mospherical  motions j  produced  by  the  action  of  the  window 
As  to  those  violent  oscillations  which  acc(»npaiiy  earth- 
quakes^ and  thus  evince  the  ocean  to  be  connected  widi 
volcanos,  I  should  wish  to  call  them  sea^qitakea  ;  they  de- 
viate much  from  the  series  of  ordinary  motions. 
Rcgkni  of  We  may  distinguidi^  in  the  sea  three  re^ons  or  beds,  one 
the  MM.  above  the  other,  but  without  any  constant  limit ;  the  first, 
agitated  by  the  winds,  is  die  region  ^unduZa^ioTU—- this  is 
immediately  followed  by  the  region  of  currents ;,  and  lastly 
ecmies  the  immooeabk  region^  where  the  density  of  the  par- 
tides  from  pressure,  and  from  their  adhc^rence  to  the  globe 
and  firom  friction,  prevents  all  motion. 
WtLWh  Ac  •  The  motions  of  the  air  produce  corresponding  motions.on 
the  surface  of  the  water.  Unequal  and  violent  winds  give 
rise  to  waves  which  tower  aloft  like  foaming  mountains)  roll, 
rebound,  and  dash  against  each  other :  one  moment  they 
seem  to  bear  on  their  surface  the  goddesses  of  th^-^ea  who 
come  to  sport  in  the  dance;  the  next  they  are  involved  in 
the  fury  of  the  tempest,  they  appear  to  swell  with  n^f 
imd  present  to  the  imagination,  the  monsters  of  the  deep 
contending  in  wrath.  A  strong,  constant,  and  equal  wind, 
produces  long  ridgy  waves,  which  all  rise  as  it  were  with 
the  same  front,  push  forward  with  uniform  velocity,  and 
precipitate  themselves,  in  regular  succession  on  the  shore. 
Sometimes  the  waves,  suspended  by  a  gust  of  wind,  or  ar- 
rested by  a  current,  form  a  kind  of  liquid  wall,  to  the  im- 
minent danger  of  the  navigatcMr. 
Cause  of  '  AU  these  oscillations  arise  from  a  current  of  air,  which, 
unduU-  by  didodging  a  certain  portion  of  the  waters,  has  destroyed 
the  equilibrium  which  every  moment  they  endeavour  to  re- 
cover. These  motions  are  similar  to  those  of  a  pendulum ; 
they  affect  only  the  surface  of  the  waters.  The  divers  as- 
sure us,  that  in  the  greatest  tempest,  calm  water  is  found  at 
the  depth  of  90  feet.  Geometricians  have  attempted  to 
subject  these  motions  to  calculation.    "  The  rapidity  of  the 
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propagAtioB  c^  mres,^  •  says'  an  ^eimiieiil;  piiiiaibpbtfr^^ 
**  will  be  the  same  as  that  whic(i  a  heavy  body  watttd^ae:; 
quire  in  descending  fxopi'an  heightheqtial  to  the  half  efibe 
depth  of  water  in  th^  cbanneL'  Conse^piently,  if  this  depth 
is  one  jfbot,  the  velocity  of  the  waves  wouid.be  5^|4^ 
feet  in  a  second,  and  if  the  depth  is  greater  or  less,  the  ve*' 
loptty  of  the  waves  will  vary  in  the  subduplieate  ratio  of  the> 
depths,  provided  that  they  are  not  too  considerable/* 

We  must  distingui^  the  watje9  produced  by  the  momen-^ 
tary  action  of  the  wind,  and  those  which  arise  from' the  im- 
pulse communicated  by  a  preceding  wind,  or'  by  a  current, 
ot  by  any  other  cause.  Navigators  o:ften  expeiience  this 
double  oscillation^  which  contributes  to  augioent  the  agita- 
tion of  the  vessel. 

The  tides  are  regular  and  periodical  osdUatioas,  which  Tido; 
the  seas  of  the  terrestrial  globe  undergo  from  the  altrae-^ 
tions  of  the  celestial  bodies,  principally  those  of  the  moonf 
and  suii*. 

Le€  lis  first  ooninder  the  riiigle  action  of  the  moon  upon  Acfionor 
the  sea ;  suppose  then  that  luminary  in  the  plane  of  the 
eqtiatori  It  is  evident,  that  if  the  moon  exerted  upon  all 
the  particles  of  the  sea  an  equal  attraction,  and  parallel  to 
&e  earth'^s  centre  of  gravity,  the  entire  ^st^n  of  the  ter« 
festrial  spheroid,  and  of  the  waters  which  cover  it,  would 
be  influenced  by  a  common  motion,  and  their  relative  equi« 
librium  would  not  suffer  any  change.  This  equilibrium  is 
disturbed  only  by  the  difference  between  the  attractions  which 
the  moon  exerts,  and  the  inequality  of  their  directions. 
Some  parts  of  the  globe  are  directly  attracted  by  the  moon, 
others  only  obliquely.  The  former  are  in  conjunction  mth 
the  moon;  and  a  line  draWn  from  the  centre  <^  the  two 
planets  would  pass  through  their  zenith.    The  latter  are  in 


A  Lagrange,  Mecanique  Analytique,  p.  491. 

*  Bernouilli,  Memoire  couronn^  $ut  le  flux  et  le  xefluz.  .Memoirt  of 
£iiler  and  MadAurin,  the  latter  under  the  tiile  of  Theory  of  Fhix  and  Reflux^ 
1740.  Lahrnde,  Tzaite  aur  le  Flux  et  Reflux,  1781;  Laplace,  Syateme  du 
Aionde.    Idem,  dans  les  Memoues  de  rAcad^mie  des  Sdenoesy  1790* 
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quadrature  inritk  the  moon,  thai  is  to  say,  a  Ibe  .^mvn  froiQ 
the  tanMstrial  cevtie  to  their  zenith,  wouM  wake  an  angle 
of  90  degreea  with  the  line  which  joins  the  centres  of  the 
two  planetfiu    The  attractive,  foroe  acting  oUiquety  i&  de« 
composed,  on  aocount  of  the  obliquity  of  its.apgle  of  inciRi 
denee ;  tlius  the  parts  in  eoi^unctipB^  heipg  «Rore  itroogly 
attracted  than  those  ia  q1Mdmt^re,  the  weigh!  of  their  par<« 
tides  is  diminished.    It  is  necessary  theniy  to.  thefe  b^ng  an 
equihbrium  in  all  parts  of  the  sea,  that  the  W4t«rs  should 
rise  under  the  moon,  in  ocder  that  the  cKO^^fs  of  weight  of 
the  partiolee  in  qqadrnti^re,  ahoYO  tboee  in  <»i^unctic^>  may 
he  eompnaated  by  tibe  greater  heighth  of  the  latter- 
.  The  waters,  however^  rise  not  only  on  the  9ide  where  the 
attracting  planet  is,   but  also  on  the  oppo^te  sid^^  be^iwse 
if  the  planet  attracts  the  supcf^ior  wf^ter^  vf^e  thw  it  at- 
traeta  the  centra  of  the  earth,  it  also  attract?  this  centre 
moee  thap  it  attr^K^ts  the  inferior  wf^t^rsi  i^  the  oppo^tci  he- 
misphere.    These  waters  then  will  approach  less  towi^df^ 
Hm  attp9^Bg  plapet»  than  t^  centre  of  the;  ^arth  appvofM^h- 
e^  to  it*     They  will  r^iuain  asj  far  off  from  and  behind  di€^ 
^^fe,  as  tiiQ  ^pprior  waters  fuivance  from  it  on  the  aide 
of  t}ie  mooi). 

.  Two  prQipontoi^ies,  or  eminences  of  water,  wil)  th^cifore 
be  foipmpd  hy^  the  ac^n  of  the  npiopp  uppn  the  earth*,..one 
m  the  side  towards  the  moon,  the  other  on  the  side  opposite 
to  ity  whicih  give^  the  sea  an  appearance  of  an  elong^t^ 
fph^foid,  whose  great  axis  will  pass  through  the  centre  of 
High  and  U^e  mopQ  and  of  the  earth.  It  is  high  tide  upde^:  the  iQoop» 
^*  ^^*  and  in  the  opposite  point  at  180  degrees  of  dii^taqce ;  con^ 
sequently,  ip  the  two  ipt^ivpediate  points,  or  9X  90  dfrgraea 
distance  from  the  mpoo,  th^  tide  vill  be  Una, 
,  The  eartb>  by  it^  rotatory  iPQtipn,  s^^scessively  p^r^septs 
to  the  moon,  in  the  space  of  S4  hours,  all  its  meridians,  which, 
consequently,  are  found  by  turns,  and  at  an  interval  of  six 
hoijrs,  sometimes  under  the  moon,  and  sometimes  at  a  dis- 
tance of  90  degrees  froai  it :  Hence  it  follows,  that  during 
the  time  which  passes  between  the  departure  of  the  moon 
from  one  meridian,  and  its  return  to  the  same  meridian^ 
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tlMiA  is,  in  the  spaee  of  a  lunar  day,  tvinch  exoeed»  the  solar 
day  by  about  50  minuteg  and  a4>atf,  the  waters,  of  the  setf 
iM  ebb  tmtte,  and  flow  twiee  in  ei^&ry  part  of  the  earth;,  ai- 
though  in  a  manner  dlmodt  insemnble  in  those  plaees  whieh 
amdiotant  from  the  path  or  orl^  of  the  moon. 

The  earth,  is  revolving  tqpon  its  aids,  earries  ahmg  with 
it,  to  the  eaetwiurd  of  the  moon,  the  prottontotie^^  or  the 
most  (elevated  .particles  of  water;  these  will  stfU  continue 
tfaeyefare  to  rise  by  the  acfion  of  the  moon ;  and  although 
tbftt  action,  already  lese  direct,  is  diminishing  in  Ibroe  every 
moment,  yet  it  subsists^  and  eonthmiBs  to  oombat  with  the^ 
inertia  and  friction  which  retard  tb^  elevation.  It  is  for 
this  scaami,  that  the^svation  dees  not  attian  its  m^urimM^n' 
St  .die  very  moment  of  the  moon's  passing  the  mi»ridian,  but^ 
about  three  hours  after. 

'  A  eeoGOid  cause  tends  to  produce  the  same  ^fe^t  Thewa^ 
ters  placed  in  quadrature,  on  the  west  of  the  moon,  and  ear- 
iied  towards  oonjunction  with  that  planet,  by  the  rotatory 
motiott  of  the  eartib,  wiK  be  oontinnally  accelerated  during  the' 
quarter  of  the  day,  when  they  are  in  this  position,  and  will 
move  after  the  i^zigies  or  eonjunc^on,  with  the  sum  of  these 
accelerations,  and  then  meeting  with  particles  eontinually> 
more  retted  than  the  earth,  they  mil  form  two  contrary 
currents,  which  wfO  place  the  greateiM;  elevation  at  alxHit 
45  d^cees  past  the  syzigies.  For  the  like  rei^^on,  the 
greatest  depression  of  the  water  will  not  happen  at  the 
quadiature,  but  ihsee  hours  after,  and  at  45  degrees  fromf 
that  point. 

If  we  XMcxf  imagine  the  sun  to  be  in  the  plane  of  the  equa*  Action  of 
tcnr,  it  is  evid^it  that,  as  its  action  is  similai*  to  that  of  the  ^^  ""°* 
moon,  it  diould  exdte  in  the  ocean  an  agitation  aoular  to 
titt  lunar  tides.  Thus  tbe  sea  would  ebb  twice  and  flow 
txvioe  dumg  a  solar  daj ;  but,  on  account  of  the  immense 
distance  feom  the  sun,  these  solar  tides  will  be  much  sipaU 
ler  than  those  which  result  from  the  action  of  the  moon. 
Acoording  to  Lalande,  the  influence  of  the  moon  is  d  /^ 
times  greater  than  that  of  the  sun ;  Laplace  considers  it 
even  triple* 
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On  aocQunt  of  ihe  ineqMality  wb»ch  le^sists  between. the  solar . 
and  lunar  days,  the  a^t^aa  of  the^un  will  soioetinieschttD^ 
the  |K)8iti(Hi  oft  the  lunar  .tides,  and.  at  other  tijxies  will  umte 
«ta.influe9oe  with  that  of  the  moon.  .  Inthesy;sygiesoro(»i^. 
junctions,  the  action  of  the  moon  concurs  with  that  of  the. 
sttivio  raise  the  waters.  ,  This  is  the  reason  why  the  Ug^est 
tides  haj^n  at  new  and  full  inoon ;  or  when,  the  moon  is 
in  its  first  and  third  quarters.  .  In  the  quadratures,. the 
waters  of  the  sea  are  depressed  by  the  action  of  the  sun,  at 
the  same  point  where  the  action  of  the  moon  rmses  them, 
and  reciprocally.  Thus  the  tides  of  the  quadratures  ought 
to  be  less.  Qut  the  highest  tide  does  not,  and  should  not 
happen  piedsdy  <m  the.  day  of  the  new  and  full  .moon,,  but. 
t^o  or  three  days  after.  The  reason  of  this  is,  that  the 
motion  once  acquired,  is  not  all  at  once  destroyed ;  it.ccm^. 
tipues  to  augment  the  elevation  of  the  .waters^  although  the 
instantaneous  action  of  the  sup  is  in  reality  diminidied 

What  we  haye  already  menti<»)ed  regards  the  position  o£ 
the  sun  and  moon  in  the  equatiMr.  Juet  us  now  consider, 
these  heavenly  bodies  in.  their  v^ripus  declinations,,  and  we. 
sfiall  see  the  elevatiim  ^ary  in  the  inverse  ratio  of  the  cube, 
of  the  distance  of  the  water. 

Without  entering  into  destwl%  whidi  would  require  ma» 
Ihematical  demonstrations,  we  will  only  remark,  that,  the 
proximity  of  the  sun  and  moon  seems  to  be  the  cause  to 
Great  equi-  which  we  must  refer  the  extraordinary  equinoctial  tides, 
^^^  which  baf^n  most  frequently ;  the  one.  beforethe  vernal 
equinox  J  and  the  other,  t^Ur  Ike  autumnal^  that  iSf  bod^ 
of  them  at  the  time  when,  the  sun,  passing  through  .the 
meridional,  signs,,  is  nearest  us.  But  this doesnothappen 
every  year,  because  there  are  sometimes  variations  produc* 
ed  by  the  mtuation  of  the  orUt  of  the  moon,  and  by.  the 
distance  c^  the  syzygies  firom  the  equinoxes.  The  great 
inequalities.of  the  depth  of  the  sea,  the  situation  of  the 
Qoasts,  their  declivity  under  water,  sometimes  rapid,  some- 
times otherwise ;  the  di&rent  breadth  of  the  channels  and. 
straits ;  and,  lastly,  the  winds  and  currents ;  all  these  local,, 
and  sometimes  accidental  circumstances,  alter  the  progress. 
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t>f  toe  tideSy-t— <inBke '  them  deviate'  fiom  that  regularity 
which  they  would  have  maintained  in  an  open  sea,^— 4iug^ 
ment  the  impetus  of  the  floW  li^n^  the  coasts  of -oftifined 
channels,  and  by  causing  the  degree  of  friction  to  which  the 
waters  are  exposed  to  vary,  'diwlen  or  prolong,  the  relative 
duration  of  h^  and^  low^  waiter.  Thus  we  see  in  the  islands 
of  the  South  Sea,  r^ular  tides  of  oidy^one  or  two  feet  eleva- 
tion ^,  whilst  upon  the  western  coasts  of  Europe,  and'  upon 
the  eastern  coasts  of  Asia,  the  iddes  are  extranely  strongs 
and  subject  to  many  variations.  It  is  affirmed,  that  the  Is^ 
land  of  Formosa,  near  China,  experienced,  in  1689,  a  tide 
which  passed  above  the  chain  of  mountains,  which  traverses 
die  island ;  but  it  is  rather  difficult  to  give  full  credit  to:  diis 
phenomenon.  Upon  the  coasts  of  France,  which  .border  the 
British  Channel,  the  flux  being  confined  in  a  basin,  and  at 
the  suae  time!  repelled  by  the  coasts  of  England,  ris^  to  an 
«Bormous  height ;  at  St  Maioes,  eveii  to  SOdfeet 

Ite  the  gulf  of  Hambm^,  the  tide  is  sometimes  thie  result 
of  three  combined  forces,  namely,  one 'flux  coming  from  the 
straits  of  Calais,  another  flux  coming  horn  the  Orkney  Is- 
lands,  and  turned  towards  the  Oermian  ocean  by  the  polar 
current,  or  by  the  veiy  strong  north  west  winds;  lastly, 
(as  I  betieve)  the  repulsion  of  the  waters  of  the  Elbe  and 
other  rivers.  The  ordinary  tide  at  Hamburgh'  rises  6  feet 
8  inches.  The  tide  of  the  syzy^es,  that  is,  of  the'  new 
and  full  nuxm,  is  7  feet  8  inchecL  •  But  when  the  wind 
Mows  with  violence  from  the  north-west,  the  tide  rises  to 
18  feet,  somedmes  even  to  more  tlmn  SO  feet.  •  Hamburgh 
b  90  leagues  from  the  mot^  of  the-EIbe,  and  the  tide 
makes '  these  30  leagues  in  6  bouts  93  minutes ;  when  it 
arrives  at  the  mouth  of  the  river,  it  takes*  from  three  quav- 
t£ns  of  an  hoi:kr  to  one  hour  and  a  quarter  to  force  back  or 
overoome  the  river  current.  The  same  current  makes  the 
flood^tide  at  Hamburgh  last  only  4  iuxas  16  miniites ;  and 
the  reflux  or  ebb*tide  8  hours  Gminutes.  This  example 
may  serve  te  expk^tn  all  the  phoiomena  of  the  tide,  when 

'Foffiter,  Obsenrations  danng  &  Voyage  round  the  World. 
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oonfiiicd  in  ii  ikarrow.  cbttnel)  and  mtted  upea  bf  a  cudreltt 
contrary  to  its  difeetkaii. 

In  Ae  tomd  joae^  the  flood  tided,  run^fttnn  «ast  to  w^M 
with  tlk^  mdtkm  of  the  stark  In  tbe  neitbdm  tetapeoili; 
tone,  tliejcOTQiefixinitbewHilh^  andilitl»  sontbirnMftV, 
Ihxn  the  nerth :  that  ift,  both  of  the  tempenute  sondr  ici^ 
a&cted  hy  tbe  inAoeiice  nvbaA  the  heavesdy  )2N)die$  inave 
upon  the  torrid  atobe ;  the  votary  of  which  vre  meredirdfifti^ 
under  thar  agency.  .  To  Idhk  theory.  thei«  «re  exee^ticMie^ 
but  they  are  entirely  local. .  The  Sroeen  mia  of  the  iUMh 
has  very  fei^  tides ;  its  distanee  from  the  equator^  the  hmli 
mbidi  snrraoiids  it,  as  well  as  the  ice  with  whkh  its  ^m 
are  encninbered^  ail  ootnbine  to  destnoy  the  dtk^  dp  a«i* 
dereeiL  attoaction.    Wc  know  tooCfaivg  of  the  soutiiem  ftM&b. 

g^  ^iili.  If  ft  be  oinjected  bo  this  theory  df  Ittbar  attvaetioa,  dudt 
out  tides,  there  are  g^i&  US  wiell  as  ialand  seats  ili.wfaidi  thete  are  9» 
tides^  wft  may  answer^  ^I»t  these  pbetioinena  are  fiesh 
proofs  ia  favour  of  ^Iie  hypothesis  agahM  wiahli  d»y  ave 
biX)t»ght  In  ^maU  qoUectiiDns  ^f  wateiv  the  mean  M»  at 
(hb  sanae  tiitie  upon  evrery  paa% .;  it  ^odaiskres  die  gmvil^ 
of  the  whole  mass.  flBoot.  there  is  little  ^or  no  stn*rcrdndit^ 
water  'w'hioh  !can  coitte  and  accanralBte  widh  ibe  body  thA 
atu^abted  and  elevated ;  ftir  this  swelling  owes  its  origia 
less  to  a  vertical  6t  peipenftcalal-  mofioti  df  the  aitriictk. 
ed  watetfe,  than  to  'iSie  kteral  ftcmngan  of  the  tidighbdof^ 
ing  watersy  in  toveseqaeaee  of -their  stsparior  gmvity.  Thi^ 
h'lHae  reason  Irfiy  thjs.  lleditenrandfiOi  has  ^t>tfly  very  stnall 
tides,  t^biciisQem  to  iie  fc^med  chiefly  &n  the  part  estetufiaf 
to  the  east  of  the  tslknd  ^  Maita^  tftid  to  {>rooe(^  'nott^ 
mdstAs  into  l^e  igiiU*  of  Veift^e. 
Tides  in  l^heiQisean  tfdinffiiaifl^fes  tte  ^sfSect  of  itii  tidestothe  guift 
gulfs.  and  iodand  isear&  tciiiiAi  hiCMe  i^heir  efit^mces  %timed  %iymipd^ 
Uie  cardkial  points  i(^«i!ee  the  ^ticte  totnes.  The  thA^ 
ahd  M^i^riiane^  Utfe  iidt  in  lihis  skulatien.  Sut  Hud* 
sda's  and  !Bailn- s  Ba^  esfb^  tind  thet*e  the  tides  are  setn^ 
biy  felt.  The  gulf  of  Arabia  is  also  a  striking  example, 
cumnts!^       Let  vts  now  proceed  to  the  consideration  of  the  motions 
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It  i&  retABSikeAf,  |)ardcukitly  belWe6ti  the  ttaff^,  krA  ^  fdt 
AS  SO  'de|^ec%  of  tiorth  tod  south  latitude^  tli^  \b&te  is  4 
(e«)lltihual  iftdVim  ki  the  ^tc^  of  the  oc6ad^  "vAMi  <^dirii^l^ 
them  frbni  east  to  iv^t  in  a  diredddn  siVtiila^  to  that  of  lih% 
9tdde  )Mnd^i  biit  contrary  to  thttt  t£  }he  i*olati6ii  o^  ihb 
^obec^.  Navigators,  fe  order  to  go  fr6m  Ettrope  td  An>ew 
rica,  Mre  obKged  to  d^seenfd  tb  the  hftitM^  df  the  Cain^r^ 
Idattds,  in  tnder  to  tratch  the  current,  WWch  cax^ds  tbeftH 
"with  rapidity  to  the  west.  They  observe  the  same  ttde  rh 
^ing  from  Atne^c^  to  Asia  by  Ae  Pacific  Ocean.  We 
K^ght  imii^K^  ibht  they  do  tMs  oh  account  of  the  ta^de 
'^mids ;  but  they  itesare  us,  that  the  actidn  of  !fhe  Jitmd- 
flpberic  current  is  vety  easily  distinguished  from  that  rf  thfe 
ttatine'Ctttrent.  Of  this  they  are  convinded,  becdiifeethfe 
vessel  makes  more  way  than  it  could  do  with  the  aSsi^ 
tnce  of  the  wind  alone.  Tins  fiict  is  fflce^Ts*  proved  by 
thetlfrection  in  whidi  bodies  ate  observed  floating  oh  thfe 
^liiarfiBtce  of  the  waters ;  ahd  in  many  of  the  strrits,  thesfe 
currents  are  it  i&mes  productive  at  eBRects -extremely  violent'. 

A  seconA  tndtidfn  ifikpels  th^  sea  from  the  poles  to^afrdfe 
llhe  equator.  It  has  also  its  correspbndihg  li^dtioii  ih  thfe 
atmo^ere.  Th6  toost  decisive  evidence  dFrtiis  kttotion^  te  deu 
dnced  from  the  direction  of  the  floating  pieces  cf  ice^  'wte(A 
invariably  proceed  from  tlie  poles  towards  the  eqhal(W'. 

The  origin  of  these  two  motions  appenSr^  to  ^^pehd  updfl 
the  ^un,  and  tfie  rotation  of  tbe  globe.    The  teotidn  which 
carries  the  polar  watei^  towards  the  equaftdr,  («d  "which  I 
shall  designate  Ify  ihe  names  of  northern  and  soiUheTiipobff'  Polar  eur- 
currerUs,)  is  exphdned  in  the  following  maiflifet:  EHrety*"** 
day  the  sohdr  rays  dissolve  an  enormous  quantity  of  ice ; 

s  Kndier,  MmtcL  Siibtensn.  tdm.  i.  Ililr.  9.  stetl  I.  EMoli,  ^vcogm^tt 
S^fomiata,  x.  3.  §§.,  Fcmntitt,  Bydn^xifiiie,  .lib.ix.  c  28.  Va/riaamf 
Geogr.  Gen^rale,  du  xiv.  prop.  7,  tgig.  Powaal,  Hydraulic  and  Nautical  Ob* 
aervations,  in  the  Atlantic  Ocean,  London,  1787.  Franklin,  Maritime  Ob- 
senrations,  in  ihe  Transactions  of  the  American  Society  of  ^hiladdpfaia,  v6L 
iL  p.  315.  /^.    Flenrieu,  diftu  'te  Voyage  de  Mai^diiiid«    l>anpier,  F«nf»^ 

ate. 
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thus  the  polar  seas  have  always  a  superabundance  of  water^ 
which  they  endeavour  to  discharge.  As  the  water  under 
.the  equator  has  a  less  speciiSc  gravity,  and  as^  moreoyer, 
the  evaporation,  which  is  verypowefful  under  the. torrid 
'Zone,  al)sorbs  a  great  part  of  it,  it  is  necessary  that  the 
neighbouring  waters  should  Jow  towmrds  the  equator  in 
qrder  to  re>establish  the  equilibnum.  This  motion  is  pro* 
pagated  f^om  one  aquatic  .legion  to  another;  and  thus, 
ievery  moment^  the  circumpplar  waters  are  impelled  towards 
the  equator.  ; 

Equatorial  The  motion  from  east  to  west,  (which  may  be  called  a 
curients.  ^ir(^al  or  equatorial  cufrenty)  appears  to  be  the  result  of 
.more  complicated  combinations.  The  trade  winds,  far 
.from  being  the  only  cause  of  the  general  motion  of  the  sea, 
.may  perhaps  be  rather  the  effect  of  it,  at  least  in  part. 
.The  sun  and  the  moon  in  advancing  every  day  to  the;  west, 
relatively  to  a  fixed  point  taken  upon  the  earth,  ought,  ac- 
cording to  Buffon,  to  draw  the  mass  of  waters  on  towards 
.ihe  west.  This  circumstance  retards  the  daily  tides,  so 
that  the  flood-tide  may  be  considered  as  a  swelling  of  the 
fiesL,  which  makes  the  tour  of  the  globe  in  84  hours,  49 
minutes,  in  retreating  each  day  towards  the  west ;  whence^ 
it  may  be  concluded,  that  there  ought  to  be  an  habitual 
^tendency  of  the  waters  towards  the  west.  This  explana- 
tion is  not  sufficient  for  these  phenom^ia:  the  fdlowing 
iqopears  to  us  the  most  plausible. 
CaiiMofthe  The  action  of  the  sun,  and  the  t^restiial  rotation  con- 
2^JJj^  stantly  diminish  the  gravity  of  the  equatorial  waters,  and 
evapof^timi  draws,  off  a  quutity  infinitely  greater  than  the 
rivers  can  suj^ly •  The  waters  of  the  seas  more  distant  from 
the.  equator,  are  thene&re  impelled  ^to  fill  up  this  vacant 
space ;  &ad  thence  arise  the  two  polar  currents.  Now  these 
waters,  w:hich  cooae  £tom  the  colder  zcmes,  (particularly 
in  ihe  great  ocean,  where,  the  transition  from  one  climate 
to  another  is  more  rapid,)  these  waters,  I  observe,  have  a 
considerably  greater  weight  than  those  which  they  come  to 
replace.  But  the  niost  essential  circumstance  is,  that 
they  possess   a    rotatory  motion   infinitely    slower   than 
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the  waters  in  the  torrid  zone ;  but  these  polar  waters,  from 
tiie  force  of  inertia,  do  not  at  once  lose  the  d^ree  of  motion 
which    they  first  acquired.      They  cannot  then  follow 
the  rotation  of  the  globe ;  heavy  and  motionless  in  ibem^ 
selves,  they  have  suddenly  fallen  into  the  sphere  of  the 
most  rapid  mobility ;  and  preserve  for  some  mom^ats  their 
primitive  character.    But  the  solid  part  of  the  globe  mov- 
ing  with  velocity  to  the  east,  leaves  the  waters  always  a 
little  behind.    Hence  they  seem  to  move  towards  the  west 
with  a  rapidity  proportioned  to  the  superior  velocity  with 
which  the  solid  parts  of  the  earth  really  move  towards  the 
east ;  and  thus  the  waters  not  readily  conforming'  to  the 
rotatory  motion  of  the  earth,  retire  from  the  western  coasts 
of  the  continent,  or  rather  the  eastern  coasts  advance  upon 
them. 

Hence  it  appears  that  this  great  and  wonderful  motion 
is  only  a  vast  and  calm  oscillation,  depending  solely  upon 
the  equilibrium  of  the  ocean.  But  when  so  powerful  an 
oscillation  meets  with  narrow  straits,  with  obstacles  which 
impede  and  divert,  without  stopping  its  regular  course,  it 
then  changes  into  a  current,  which  is  violent  and  often  very 
dangerous. 

Let  us  now  endeavour  to  explain,  upon  rational  princi- 
ples, the  various  modifications  which  the  motion,  peadiar 
to  ihe  sea  itself^  undergoes. 

The  Padfic  Ocean,  by  its  general  motion,  retreats  ficom  Cumnts  of 
the  coasts  of  America,  and  flows  from  east  to  west ;  and^^^^ 
this  motion  is  very  powerful  in  the  vast  and  uninterrupted  ^^o^u^ 
extent  of  that  sea.    Near  Cape  Corrientes,  in  Peru,  the 
sea  appears  to  flow  firom  the  land,  by  this  ringle  cause. 
Ships  are  carried  with  rapidity  from  the  port  of  Acapuloo 
in  Mexico,  to  the   Philippine  Islands  \    But  in  order  to 
return,  they  are  obliged  to  go  to  the  north  of  the  tropics, 
to  seek  the  polar  current,  and  the  variable  winds.     On  the 
other  side,  the  south  polar  current  finding  no  land  to  im- 

^  See,  in  the  ooune  of  thb  work.  Description  of  South  America,  New  HoU 
Jand,  New  Guinea,  and  the  Phiiqipine  Ishmds,  &c. 
VOL.  I.  Z 
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pede  it,  carries  aloi^  mih  it  the  polar  ice  eren  to  latitudes 
where  the  motioa  of  the  tropical  current  b^ins  to  be  felt 
This  is  the  reason  why,  in  the  southern  hemisphere,  floating 
pieces  of  ice  are  met  with  at  60,  and  eiren  at  40  degrees. 
Current  of      The  Pacific  Ocean,  in  its  motion  towards  the  west,  is  im- 
5'^*    P^«l  ^  «°  hnmense.  archipelago  of  flats,  islands,  submft. 
rine  mountains,  and  even  lands  oi  oonsideraUfe  extent ;  it 
penetrates  into  this  labyrinth,  and  there  forms  one  current 
after  another.     The  direction  which  the  prindpal  of  these 
currents  observe,  is  conformable  to  the  general  motion  to- 
wards the  west.    But,  as  might  be  expected,  the  inequalities 
of  the  bann  of  the  sea,  the  coasts,  and  the  chams  of  subma- 
rine mountains,  sometimes  turn  these  currents  towards  the 
north  or  south.     We  may  easily  concave,  that  a  strong 
repercussion  of  the  waters  of  the  ocean,  in  consequence  of 
thdr  meeting  with  a  large  mass  of  land,  (as  New  South 
Wales,)  may  even  produce  a  counter  current,  which  will 
return  towards  the  east,  and  which,  by  breaking,  will  also 
produce  other  currents  differently  directed.     Here  then  is 
the  origin  of  these  currents,  so  adverse  and  dangerous^ 
which  Cook  and  La  Ferouse  mention  in  their  voyages. 

The  principal  current,  setting  towards  the  west,  still  acts 
with  force  in  the  recently  discovered  strait,  which  separates 
New  Holland  from  Vqn  Diemen^s  Land ;  this  is  the  cur- 
rent which  bore  away  Captain  Flinders,  and  which  hin- 
dered so  many  ancient  navigators  from  entering  into  that 
strait,  because  they  approached  it  in  a  direction  contrary 
to  that  of  the  sea^  The  same  current  flows  through  the 
channel  which  separates  New  Hdland  from  New  Guinea ; 
but  here,  from  the  innumerable  inequalities  which  it  meets 
with,  it  is  subdivided  into  several  currents,  of  varied  and 
inconstant  direction.  - 
Current  of  Let  US  now  enter  upon'  the  consideration  of  the  Indian 
B^I^^  Seas.  Thare  we  shall  find  the  celebrated  perpetual  cur- 
rent, which  runs  along  from  New  Holland,  and  from  the 

>  FfindcTif  ObflerYadoDf  dmiag  hif  Voyage  to  the  Stndt  of  Baas.    London, 
1^11.    Compfire  the  Tojage  of  KnticcuteiciXy  i.  9S0» 
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Iskuod  of  Sumatra,  always  to  the  north,  as  far  as  the  bot- 
tom of  the  Gulf  of  BengaL  This  current  arises  fion^  the 
pressure  of  tijie  polar  currents  upon  the  large  opening  which 
the  lodiao  Sea  presents  to  the  south.  That  sea  is  border- 
^  towards  the  north  by  a  continent ;  the  equatorial  cur- 
rent^ which  is  formed  th^r^  is  Aerefore  only  feeble,  or  air 
together  ceases,  as  there  is  no  mass  of  cold  water  passing 
from  the  north.  On  the  other  ride,  the  Pacific  Ocean  can- 
not cftrry  its  impetus  thither ;  it  is  broken  and  dispersed  in 
the  labyrinth  of  islands.  Thus  the  influence  of  the  sou(h«- 
em  pdlar  streams  predominates  without  a  rival,  and  with- 
out an  obstacle  in  the  Indian  Sea ;  and  these  produce  that 
perpetual  current  which  sets  towards  the  Gulf  of  Bengal, 
upon  a  line  more  and  more  inclined  towards  the  north  west, 
or  following  the  conformation  of  the  coasts  K 

The  action  of  the  general  motion  of  the  ocean,  at  first 
weak  in  the  Indian  Sea,  as  we  have  already  mentioned, 
augments  by  degrees,  till  it  gains  the  ascendancy.    It  is 
easy  to  conceive  that  a  general  impulse  which  acts  in  a  vast 
fluid,  and  which  influences  all  its  particles,  ought  to  in- 
crease .according  as  that  fluid  extends  in  the  direction  of 
the  moving  power.    One  part  of  the  sea  then  reacts  upon  DiffeKnt 
the  other,  and  the  sum  of  these  repeated  efiects  becomes  in^^^^ 
time  immense.    These  principles  ^how'  why,  towards  tbeSeu. 
Island  of  Java,  the  natural ,  motion  of  the  sea  is  changed 
by  the  northern  current  \  of  which  we  have  already  spoken, 
and  why  this  same  motion  towards  the  west  is  found  in 
the  nrighbourhood  of  Ceybn,  and  the  Maldivia  Idands. 
But  a  new  local  circumstance  again  makes  this  motion  de- 
cline from  its  natural  direction*    A  chain  of  islands  and 
shallows  extends  from  Cape  Comorin,  in  the  peninsula  of 
India,  to  the  northern  point  of  Madagascar.     The  princi- 
pal currait  being  interrupted  by  these  obstacles^  turns  to- 

k  VaMniuf,  G4og.  Gte^nle,  fk.  m.  prop.  U.  Voyaget^de  Gentil,  de 
Macartneyt  and  de  Maichand,  ftc 

1  We  say  a  Northern  Cunent,  or  a  Southern  Current,  to  designate  a  current 
mih  such  a  direction. 
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wards  the  south-west ;  and,  in  maintaining  that  direction, 
glides  along  that  chain  of  mountains,  some  of  them  sub- 
marine, others  on  the  shore.  Having  passed  Madagascar, 
it  turns  towards  Africa,  dashes  against  that  continent,  and 
sweeps  with  great  violence  the  coasts  of  Natal,  {Terre  No- 
■iaJ)  in  Africa ;  at  the  point  where  the  coast  of  Africa, 
turning  towards  the  west,  ceases  to  present  an  obstacle  to 
the  progress  of  the  water,  the  current  loses  all  its  impe- 
tuosity, and  mingles  in  the  general  motion  of  the  Ethiopian 
Ocean"*. 

Current.of  ^^  ^^^^  ^^f  ^^^^  towards  the  Maldivia  Islands,  the 
the  Natal  principal  current,  or  great  mass  of  water,  turns  to  the  south- 
west ;  but  the  more  superficial  currents,  and  consequently 
the  most  variable,  continue  their  course  from  the  east  to 
the  west,  that  is,  towards  the  Gulf  of  Arabia,  and  the 
coasts  of  Zanguebar.  These  are  the  currents  which,  set- 
ting towards  the  south-west,  render  the  Mozambique  Chan- 
nel so  difficult  to  navigate,  and  which  have  given  the  name 
it  bears  to  Cape  CorrienteSf  upon  the  coast  of  Inhambane. 
They  reunite  at  the  bottom  of  this  Cape  with  the  perpe- 
tual current. 

Let  us  remark  here,  that  in  general  the  currents  which 
do  not  extend  to  a  great  depth  under  the  level  of  the  wa- 
ters, are  liable  to  change  with  the  winds,  particularly  when 
they  blow  for  a  long  time  with  an  equal  and  constant  force, 
as  the  Monsoons  do.     These  are  the  winds  which  give  by 
turns  entirely  opposite  directions  to  the  currents  which  pre- 
vail from  the  Maldivia  Islands  to  Arabia  and  Zanguebar. 
The  shallows  and  rocks  with  which  these  parts  are  strewed, 
equally  contribute  to  produce  the  same  effect. 
Cumnts         The  northern  current  which  runs  along  Nova  Zem- 
"P^^^*     bla,  and  the  Island  of  Sumatra,  impels  one  of  its  branches 
coast  of      through  the  strait  of  Sunda.     This  current,  according  to 
^^^         some  authors,  is  the  same  that  predominates  in  the  Chinese 
Seas,  and  which  La  Perouse  found  to  be  of  such  strength 

"■  YaTeoius,  G6ographie  Giainlt^  ch,  zly.  prop.  26. 
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in  the  sea  of  Japan,  and  in  the  channel  of  Tartary  °  But 
after  comparing  together  the  accounts  of  different  naviga- 
ors,  it  appears  to  us  that  these  currents  not  only  vary 
-with  the  Monsoons,  but  that  no  connection  subsists  between 
them.  All  the  southern  and  northern  currents  that  we  ob- 
serve al6ng  the  eastern  coasts  of  the  continents,  are  only 
necessary  continuations  of  the  general  motion  of  the  ocean 
towards  the  west ;  the  waters,  impelled  by  this  motion  to- 
wards the  eastern  coasts  of  the  two  continents,  and  finding 
no  outlet,  must  with  much  force,  flow  back  along  the  coasts 
in  a  ^uthem  or  northern  direction,  as  local  circumstances 
determine  them.  In  Behring^s  Straits,  the  polar  current, 
which  brings  the  ice  from  the  polar  seas  to  the  environs  of 
Eamtchatka,  is  distinctly  felt. 

Let  us  go  on  to  the  currents  of  the  Western  Ocean.  The  Currents  of 
form  of  the  basin,  whose  length  is  much  greater  than  itSQ^anT^*™ 
breadth^  is  what  in  a  great  measure  determines  these  cur- 
rents. The  first  current  which  presents  itself  to  our  notice, 
is  that  which  carries  forward  the  waters  from  the  Ethio- 
pian Ocean,  along  the  coasts  of  Brazil,  and  through  the 
Strait  of  Magellan,  into  the  Pacific  Ocean.'  This  course  is 
conformable  to  the  general  progress  of  the  ocean.  It  would 
appear  from  the  voyages  of  Marchand  luid  Ingraham,  that 
between  Terra  del  Fuego,  the  New  Georgia  of  the  south, 
and  the  Sandwich  Islands,  (or  the  Thul§  AuMralis  of  Cook,) 
diere  are  several  opposite  currents,  but  our  knowledge  of 
them  is  far  from  being  accurate. 

The  most  celebrated  perpetual  current  of  the  Atlantic  Current  of 
Ocean  is  that  which  commences  on  this  side  of  Cape  St  Au™^. 
Augustin,  in  Brazil,  and  extends  towards  the  eastern  coasts 
of  America.  It  is  extremely  rapid,  and  is  felt  in  all 
the  extent  of  sea  over  which  the  Antilles  are  scattered. 
This  current  is  only  the  result  of  the  general  motion  of 
the  Atlantic  Sea  towards  the  west ;  it  prevails  between  the 


^  Voyage  de  La  P^rouse.    See  after,  the  articles  of  Japan,  of  Coreo,  of  the 
land  Yeso,  &c. 
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30th  degree  of  northern,  anU  the  10th  of  southern  latitude, 
and  begins  at  20  or  80  leagues  from  the  coasts  of  Africa. 
This  is  the  reason  why  European  vessels,  in  order  to  profit 
by  this  current,  and  the  trade  winds,  proceed  to  the  Canary 
Islands  before  they  attempt  to  traverse  the  ocean. 
CiineDt  of  Upon  the  coasts  of  Africa,  within  the  limits  pointed  out 
the  golf  of  above,  there  exists  a  current  directly  contrary  to  the  pre- 
ceding; which  is  neither  less  rapid  nor  less  steady.  Ships, 
if  they  approach  too  near  these  coasts,  are  drawn  into  the 
Gulf  of  Guinea,  and  with  great  difficulty  get  out  of  it  No 
adequate  cause  can  be  assigned  for  this  angular  current. 
Some  authors  imagine,  that  there  are  two  currents  in  the 
Atlantic  ocean,  one  at  the  surface,  the  other  at  the  bottom ; 
and  that  it  is  this  latter  which  brings  the  waters  towards 
Africa ;  but  such  an  explanation  is  inadmissible,  from  the 
well  known  fact  of  the  general  motion  of  the  sea,  winch  is 
not  superficial,  but  which  pervades  the  whole  of  the  mass. 
It  is  more  probable  that  the  current  in  question  comes  from 
the  Straits  of  Gibraltar,  along  the  coasts  of  Africa  only, 
where  the  waters  have  not  acquired  all  the  velocity  of  the 
general  motion ;  but  we  can  affirm  nothing  with  certainty 
on  the  subject. 
Current  of  A  third  very  celebrated  current  is  that  by  which  the  wa- 
Ae  Gulf  of  ters  of  the  Atlantic  are  carried  violently  into  the  Gulf  of 
Mexico,  and,  discharging  themselves  through  the  channel  qf 
BdhamOy  run  with  inconceivable  rapidity  towards  the  north, 
or  rather  the  north-east  It  follows  the  coasts  of  the  Unit- 
ed States,  becomes  larger,  and  at  the  same  time  weaker,  and 
extends,  according  to  some  navigators,  as  far  as  the  coasts  of 
Scotland  and  Norway.  It  is  easily  known  by  the  beautiful 
blue  colour  of  its  waters. 
Cumnti  of  The  polar  currents  of  the  north  exhibit  very  remarkable 
^Fioeen  ^g^tg .  it  ig  they  which  bring  upon  the  coasts  of  Iceland 
tfuch  an  enormous  quantity  of  ice,  that  all  the  northern 
gulfs  of  that  country  are  filled  with  it  to  the  very  bottom, 
though  they  are  often  600  feet  in  depth.  The  ice  is  some- 
times raised  up  so  as  to  form  mountains.     Some  years  no 
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ioe,  but  immemse  ooUections  of  floating  wood,  particularly  Floating 
pines  and  firs,  are  cast  ashore.  It  is  in  the  sendicircular  hoi-  ^^'^ 
low  of  the  northem  coast  of  Iceland  that  the  wood  and  ices 
are  accumulated.  It  is  evident,  that  it  it  one  and  the  same 
cause  which  brings  them  thither  s  and  as  it  is  impossible 
that  great  trees  can  be  produced  under  the  pole  itself,  the 
wood  can  come  only  from  Siberia  or  North  America.   ^ 

The  phencnnenon  of  these  floating  forests,  which  are  only 
found  in  the  circumpolar  seas  of  the  north,  has  very  much 
engaged  the  attention  of  geograj^ers,  and  it  is  not  yet  per- 
fectly explained.  It  is  believed,  that  the  wood  is  drifted 
partly  frcm  the  Gulf  of  Mexico,  by  the  current  of  Bahama, 
because  specimens  of  timber  have  been  occasionally  seen, 
which  grows  only  in  Mexico  and  Brazil.  Thebe  kinds 
howeveli^  are  in  small  quantities.  Siberia  and  the  unknown 
n<»rthem  coast  of  America^  contribute  probably  much 
greater  pcMions/. 

It  is  very  probable,  that  there  may  be  in  the  same  place  Double 
a  double  local  current,  the  one  above,  near  the  sur&ce  of  ^^°"^^ 
the  water,  the  other  at  the  bottom.  Several  facts  seem  to 
prove  this  hypothecs,  which  was  first  proposed  by  the  ce- 
lebrated Halley.  In  the  sea  round  the  Antilles,  there  are 
some  places  where  a  vessel  may  moot  itself  in  the  midst  c^ 
a  current,  by  drop|nng  to  a  certain  known  depth,  a  cable 
to  which  is  attached  a  sounding  lead.  At  that  depth,  there 
must  unquestionably  be  a  current  contrary  to  that  which  is 
at  the  surface  of  the  water ;  the  stationary  and  quiet  situa- 
tion of  the  vessel  arises  from  the  equality  of  the  two  forces 
which  act,  the  one  upon  the  ship,  and  the  other  upon  the 
cable  with  the  sounding  lead  p.  Similar  circumstances  have 
been  observed  in  the  Sound.  There  is  reason  to  believe 
that  the  Mediterranean  discharges  its  waters  by  an  inferior 
or  concealed  current.  A  difference  of  density  in  the  beds 
of  water,  a  great  rapidity  of  motion,  and  the  cdierence  of 


«  See  for  a  more  detiuled  opiiuoiiy  the  article  lodand,  of  this  work. 
'ObicrTBtionaofDr.  SiubbftintfaePbilMOphicdTTan^^  27. 
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fluid  particles,  are  plausible  reasons  in  favour  of  this  hypo- 
thesis of  double  currents. 
Oppoiite  li  ^  more  easy  to  prove  and  explain  the  existence,  of  op^ 
^^^"'^^  poeite  currents  which  pass  along  by  the  side  of  each  other. 
In  the  Katt^at,  a  northern  current  proceeds  from  the 
Baltic  along  the  coasts  of  Sweden,  and  another,  a  soutbem 
current,  enters  into  the  Baltic  along  the  coasts  of  Jutland. 
In  the  North  Sea  there  is  a  north  current,  which  comes  from 
the  Paft^e-Calais,  or  that  part  which  separates  the  English 
channel  from  the' North  Sea,  and  a  south  current  which  goes 
frt>m  the  Orkneys  along  the  British  coast.  The  great  rivers, 
while  discharging  themselves,  occasion  currents  at  their 
mouth  often  contrary  to  those  of  the  sea*  It  would  be  su- 
perfludds  to  produce  any  examples  of  this. 
Eddies  of  When  two  currents  of  a  more  6r  less  contrary  direction, 
and  of  equal  force,  meet  in  a  narrow  passage,  they  both 
turn  as  it  were  upon  a  centre,  which  is  sometimes  spiral 
until  they  unite,  or  one  of  the  two  escapes.  This  is  what 
Whirlpools^is  termed  a  whMpodl  or  eddy.  The  most  celebrated  are, 
the  EuripuSi  near  the  Island  of  Euboea,  CharybdiSy  in  the 
straits  of  Sicily,  and  the  Mcditroem^  in  the  north  of  Nor- 
way. These  eddies  sometimes  augment  their  force  by 
means  of  two  contrary  high  tides,  or  by  the  action  of  the 
winds ;  they  draw  vessels  along,  and  dash  them  t^ainst  the 
rocks,  or  engulf  them  in  the  eddies,  the  wrecks  not  ap- 
pearing tiU  some  time  afterwards.  Upon  this  simple  ground, 
very  marvellous  fables  have  been  invented,  and  mention  has 
been  made  of  gulfs  at  the  bottom  of  the  sea,  and  subter- 
raneous rivers,  and  other  things,  the  existence  of  which  is 
qmte  imaginary. 
Dq»th  and  The  depth  of  currents  is  a  physical  problem  very  difficult 
cm^tt!'*^^^  solve.  The  perpetual  currents,  however,  from  their  re-, 
gularity,  and  from  their  extremely  strong  action,  even  in 
the  greatest  calm,  sufficiently  indicate  that  they  have  a  con- 
aderable  depth.  Their  rapidity  is  no  better  known.  It  is 
independent  of  winds  and  undulations.  But  which  of  these 
two  forces  is  to  be  distinguished  as  that  which,  acting  on 
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the  surface  is  more  sensibly  felt  by  navigators  ?  There  are 
many  other  questions  impossible  to  solve  that  might  be 
proposed  on  the  subject  of  the  ocean,-«tbe  cradle  of  the  uni- 
verse, and  perhaps  its  grave. 

JVM0.  The  fiicts  recently  bmnght  to  light  xeepeetiiig  the  action  of  the  ship 
itself  on  the  compass,  affind  reason  to  believe  that  some  of  the  currents  men- 
tioned by  navigators  are  imaginary.  The  existence  of  these  currents  has  been 
inferred  in  many  cases  from  the  difference  between  the  true  course  of  a  ship  as 
ascertained  by  observation^  and  her  apparent  course  as  shewn  by  the  compass. 
This  diffisMDoe,  however,  is  explained  in  a  aatis&ctory  manner  by  the  deSeetion 
of  the  needle  from  the  magnetic  north,  by  the  action  of  the  mass  of  the  ship 
upon  it ;  in  consequence  of  which  a  ship's  apparent  course  is  often  found  to  dif- 
fer from  her  true,  by  one  or  even  two  points.  The  errors  in  reckoning  which 
'  this  ptodueed,  as  madneis  were  long  ignonmt  of'thev  cause,  were  often  ascribed 
to  cnzreitfs.    See  Bam  on  the  Vacation  ofths  Compau^  £diBba^«  1817. 
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Continuation  of  the  Theory  qf  Geographjf.  Of  the  Fluid 
whieh  eunvunds  thig  CUobe,  or  the  Atmosphere,  Of 
Meteors. 

HAViiffO  gratified  our  cariosity  with  oontemplatiiig  tbe 
wonders  of  the  earth,  we  proceed*  to  the  consideration  of  the 
vast  assemblage  of  fluids  with  which  it  is  surrounded,  and 
which  may  be  said  to  constitute  an  intend  part  of  the 
globe  itself.  This  celestial  ocean,  which  is  called  the  at- 
mosphere, that'  is  to  say,  the  sphere  of  vapours,  forms  the 
subject  of  our  present  researches. 
General  The  atmosphere  is  the  grand  laboratory  of  nature,  in 

which  the  various  gases  exhaled  from  our  globe  are  coU 
lected  together,  and  dbtilled,  mixed,  decomposed,  vola* 
tihsed,  condensed,  or  precipitated  in  an  endless  round, 
according  to  laws  winch  chemists  often  in  vain  attempt  to 
discover.  All  terrestrial  brings  pay  tribute  to  the  atmo- 
sphere ;  all  receive  from  it  the  prinriples  necessary  for  life 
and  vegetation,  and  probably  even  inorganic  existence  is 
dependent  upon  it  There  is  perhaps  no  substance  which 
is  not  reducible  to  the  aeriform  state  by  heat,  and  which 
cannot  be  rendered  a  solid  by  cold.  Were  this  planet  trans- 
ported into  the  temperature  which  Mercury  possesses,  a 
part  of  our  sea  and  of  our  land  would  evaporate,  and  min- 
gle with  the  atmosphere ;  and,  on  the  other  hand,  should 
oiu:  globe  at  any  time  wander  towards  the  cold  regions  of 
Saturn  or  Uranus,  a  great  portion  of  our  atmosphere  would 
be  condensed  and  pass  to  the  solid  form.  Our  atmosphere 
therefore  may  be  thus  defined :  <<  The  assemblage  of  all 
substances  capable  of  preserving  the  aeriform  state  at  the 


PHYtriCAL    OS06&APHY.  947 

degiiee  of  temperature  which  prevails  around  the  terrestrial 
globe.** 

Tiie  atmospheric  jBuidsmay  be  divided  into  three  classes :  Differant 
the  finst  comprehends  air,  the  atmospheric  ^md  properly  ^^^'. 
so  called ;  the  second  consists  of  aqueous  and  odier  vapours  fluids. 
suspended  in  the  atmosphere ;  the  tUrd  is  composed  of  the 
yarious^tii(i9  that  are  Oirifiynn^  or  supposed  to  be  isucb, 
which  shew  their  existence  in  the  atmosphere,  either  visibly 
or  by  their  effects.     We  shall  consider  the  bodies  compre- 
bended  under  each  of  these  classes  only  according  to  the 
relation  which  they  bear  to  physical  geography,  rdferring 
such  of  our  readers  as  are  anxious  for  more  detailed  infor- 
mation, to  those  excdient  treatises  which  have  served  as 
guides  to  us. 

Air  J  which  forms  the  greatest  part  of  the  atmosphere,  is  Air. 
not  a  simple  element  ^  Modem  chemistry,  by  analyzing 
common  air,  and  by  again  compounding  it,  has  proved  that 
there  are  two  substances  whidi  enter  into  it  in  very  different 
proportions,  namely,  27  parts  of  oaygen  gas^  which  was 
formerly  termed  j9ttr^  air,  and  73  of  casodic  goi^  otherwise 
called  impure  air.  Sometimes  we  find  only  71  parts  in  the 
hundred  of  azodc  gas,  and  8  of  carbonic  acid  gas  xxjixed 
air.  But  the  carbonic  add  beii^  very  soluble  in  water,  is 
quickly  absorbed  by  rain,  so  that  its  continuance  in  the 
atmosphere  is  but  momentary ;  besides,  its  gravity  confines 
it  to  the  lower  regions.  On  the  other  hand,  h^lammabls 
air,  which  is  now  termed  hydrogen  gas,  gains  the  superior 
regions  of  the  atmosphere  by  its  great  lightness.  This  gas 
appears  to  rise  even  to  a  greater  height  than  the  aerostatic 
balloons,  machines  which  entirely  owe  to  it  their  ascending 
force.  Certain  it  is,  that  M.  Gay-Lussac,  at  the  height  of 
20400  feet,  filled  a  bottle  with  air,  which  was  not  charged 
with  more  hydrogen  than  that  which  y^  breathe  ^ 

It  is  only  oooygen  gas  which  is  fit  for  animal  respiration. 
But  if  it  existed  in  too  great  a  proportion,  it  would  be  the 


«  Haily,  Trute  de  Physique,  §§  301—391. 
*>  Libes,  Dictionnaire  de  Physique,  au  mot  Aiiu 
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means  of  exciting  our  vital  spirits  to  an  excessive  degree, 
it  would  exhaust  our  strength,  and  in  fact  make  us  live  too 
fast.    On  the  other  hand,  azoUc  gas^  as  its  Greek  name  in- 
dicates, is  incapable  of  supporting  aDimal  life.    It  is  then 
the  mixture  of  these  two  gases  which  renders  the  atmo- 
sphere so  favourable  fixr  animal  ^stenioe. 
Salubrity        Plants  and  insects  absorb  and  respire  azotic  gas ;  the 
of  the  air.    fonner  especially  exhale  oxyg^i  gas,  only  however  when 
they  are  exposed  to  the  rays  of  the  sun.    Hence  the  reason 
why  the  ur  in  a  fine  plain  lightly  shaded  with  wood  is  so 
salubrious ;  whereas,  in  the  interior  of  extensive  forests,  we 
generally  find  the  air  very  thick  and  unwholesome  ^     But 
we  can  no  where  enjoy  air  better  fitted  to  support  the  vital 
powers  in  just  equilibrium  than  at  sea,  where  the  continual 
motion  of  the  waters  preserves  the  oxygen  and  the  azote  in 
due  proportions. 
Colour  of        The  air  is  a  fluid  set  extremely  rare  and  subtle,  that  it  be- 
"'*  comes  sensible  to  the  toudi,  only  when  in  motion,  for  ex- 

ample, when  the  wind  is  blowing.  In  its  state  of  purity  it 
is  equally  insipid  and  inodorous.  According  to  rigid  New- 
tonians, air  is  transparenif  or  rather  invkible.;  and  the 
azure  colour  of  the  atmosphere  arises  frcnn  the  greater  re- 
fran^bility  of  the  blue  rays  of  light  ^.  Otiier  philosophers 
imagine,  that  the  blue  tint  is  inherent  in  air,  that  is,  that 
the  particles  of  lur  have  the  property  of  producing  a  blue 
colour  in  their  combination  with  lights 
Weight  of  The  weight  of  the  air  has  been  made  so  much  the  subject 
the  air.  ^  discussion,  that  we  shall  be  very  brief  in  our  observations 
concerning  it.  Galileo  has  demonstrated  the  weight  of  air 
by  the  difference  of  wdght  between  two  vases  that  were  filled, 
the  one  with  compressed  air,  the  other  with  air  in  its  na- 
tural state.  The  air  pumps,  the  ascent  of  water  in  a  pipe, 
and  the  elevation  of  mercury  in  the  barometer,  are  fdl  so 

<^  Ingenhousz,  Experiences  but  lea  Plantes. 

'  Newton,  Optice  Lucis.  Traites  de  Haiiy,  de  Libes,  etc. 

*  Goethe,  Essai  sur  la  Th^rie  des  Couleurs.  Comp.  Beigmann,  Geogra- 
phie-Phygique,  ii.  34.  Fourcroy,  Systeme  des  Conuaissance^Clhimiques,  i. 
p.  118.  '^^ 
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many  proofs  of  this  &ct.  The  pressure  of  a  column  of  air 
reaching  down  from  the  extremity  of  the  atmosphere  to  the 
level  of  the  sea,  is  equal  to  due  weighth  of  a  column  of  mer. 
cury  of  the  «ame  thickness,  and  of  S8  inches  in  heighth. 
Take  a  tube  of  glass  about  a  metre,  or  3  feet  1 1  lines  long, 
from  4  to  5  millimetres  (about  8  lines,)  in  diameter,  closed 
at  one  end,  and  open  at  the  other ;  fill  it  with  mercury,  ap- 
plying your  finger  to  the  orifice ;  invert  the  tube,  and  place 
the  open  end  in  a  basin  containing  mercury;  withdraw 
your  finger,  and  you  will  observe  at  the  same  instant  the 
mercury  descend  in  the  tube  to  the  height  of  about  28 
inches.  In  the  same  manner,  in  our  common  pumps,  the 
water  rises  to  a  hei^t  of  82  feet,  (10.4  metres;)  now, 
this  height  is  to  that  of  96  inches,  the  heighth  of  the  mer- 
cury, in  the  inverse  ratio  of  the  densities  of  water  and  mer- 
cury. One  and  the  same  cause  then  operates  here.  It  can 
be  nothing  but  the  weight  of  the  external  air  which  apts 
upon  the  mercury  in  the  basin. 

The  barometerf  a  well-known  instrument,  depends  for  Of  the  ba 
the  principle  of  its  construction  upon  the  experiment  which  J^fJ'j^ 
we  have  just  now  described.     This  instrument,  which  in-mgeogn- 
dicates  the  pressure  or  weight  of  atmospheric  air,  serves  to^  ^' 
measure  the  various  elevations  on  the  surface  of  the  earth. 
The  rising  or  falling  of  the  mercury  in  the  barometer,  is 
inseparably  connected  with  the  density  of  the  air,  which 
varies  according  to  the  weight  with  which  it  is  charged. 
It  has  been  demonstrated,  that  when  the  denidties  are  in 
geometrical  progression,  the  altitudes  are  in  arithmetical 
progression.    We  can  thus  ascertain  the  one  from  the  other. 
The  methods  of  calculation  invented  by  Deluc,  La  Place, 
and  Ramond,  as  well  as  the  rules  for  correcting  the  errors 
occasioned  by  temperature,  can  only  be  fully  developed  in 
those  treatises  specially  dedicated  to  the  higher  branches 
of  physics'. 

Physical  geography  ought,  however,  to  express  her  gra- 

'  Laplace,  Meeanique  Create,  iv.  293.     Ramond,  Memoires  de  rinstitut, 
Classe    des  Sciences,  yi.  435.  tgq.  HaUj,  Physique,  §{  414—480. 
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titude  to  t^e  sdences,  for  having  brought  to  perfection  an 

instmment,  the  multiplied  use  of  which  alone  enabled  us, 

with  fadlity  and  dispatch,  to  form  extended  conceptions 

respecting  the  configuration  of  the  mountmns,  plains,  and 

?*^  J^   valleys  of  our  fflobe.     The  pressure. which  the  air  exerts  on 

turn  of       a  man,  the  surface  of  whose  body  is  15  square  feet,  is 

^^^^      88,505  pounds,  and  the  variation  of  a  angle  line  in  the 

height  of  the  mercury  produces  a  change  of  108  pounds 

In  die  pressure  of  the  air.     The  diminution  of  the  weight 

of  the  air  upon  very  high  mountains,  combined  with  other 

drcumstances,  occasions  vertigos,  nausea,  hemorrhages,  and 

a  feeling  of  universal  uneasiness  '.     It  is  probable,  that  at 

a  very  great  height,  the  extreme  rarefaction  of  the  ur,  the 

absence  of  azotic  gas,  and  the  abundance- of  hydrogen  gas, 

jPtoportion  would  cause  immediate  death.     The  proportion  sub^sting 

Jj^i^^*  between  the  weight  of  air,  and  of  distilled  water  at  the  tern- 

air  and  wa-  perature  of  zero  on  Beaumur^s  thermometer,  and  with  a 

mean  pressure  of  98  inches  of  mercury,  according  to  the 

very  accurate  experiments  of  M.  Biot  \  is  that  of  1  to 

770,80. 

The  air  exerts  a  pressure  equal  on  all  ndes,  otherwise 
fra^le  bodies  would  soon  be  broken.  The  mom^it  that  the 
equilibrium  of  its  parts  is  destroyed,  by  whatever  cause,  this 
property  produces  an  instant  exertion  to  re-establidi  it ;  and 
this  is  die  principle  of  all  its  movements.  It  is  also  neces- 
sary to  observe  that  the  weight  of  the  atmospheric  air,  in 
its  ordinary  state,  arises  perhaps  in  a  great  measure  from 
the  presence  of  various  foreign  bodies  which  are  floating  in  it 
continually.  Lambert,  after  speaking  of  the  difference  whidi 
is  found  between  the  actual  propagation  of  sound,  and  liiat 
which  theory  g^ves,  has  estimated,  that  if  we  condder  a  cu- 
bic foot  of  air  as  composed  of  684  parts,  SIRS  of  these,  or 
nearly  one-third  of  the  whole,  will  consist  of  extraneoub  mat. 
ter «. 


■  Sausflute,  Voyages,  Nos.  559  et  S021. 
^JLaSiy,  Phyfljque,  §  394. 
'  M^moiresde  BcrliDi  1768. 
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The  BtoMdtjf  of  the  air  is  the  property  whieh  it  possess- 
es of  reasting  the  force  of  compresaiony  and  of  reoovering 
its  original  T(dume,  or  even  a  volume  of  greater  dimendons, 
as  soon  as  the  compressing  force  ceases  to  act.  We  cannot 
exactly  compute  the  limits  of  the  compressibility  and  the 
dilatability  of  the  air ;  we  know,  however,  that  they  are  of 
vast  extent  Boyle  affirms,  that  without  the  assistance  of 
heat,  he  has  dilated  air  13,766  times  K  Every  one  knows 
the  niann^  in  which  air  is  compressed  in  an  air-gun,  and 
the  force  with  which  it  can  thus  be  made  to  impel  a  ball. 

The  greater  the  elasticity  possessed  by  the  air,  the  lar- Expansive 
ger  space  it  occupies ;  in  other  words,  the  more  it  dilates  Pp^^'  ^ 
itself.    Newton  calculated,  that  at  the  height  of  87  leagues, 
the  air  would  be  many  thousand  million  times  more  rarified 
than  at  the  surface  of  the  earth  K  But  this  rarefaction  must 
have  limits.     In  proportion  as  the  force  with  which  each 
particle  tending  to  escape  from  those  which  are  under  it,  be- 
comes less  than  the  force  of  gravity  which  draws  it  towards 
the  earth,  in  the  same  proportion  the  spring  or  elastic  pow- 
er of  the  air  will  be  gradually  weakened.     The  dilatibility 
of  th^  «r  must  therefore  have  its  boundary  fixed  at  the 
point  where  these  two  o{^)odte  forces  shall  be  equal.    As 
we  do  not  know  to  what  extent  the  progressive  rarefaction 
of  the  air  is  carried,  we  are  unable  of  course  to  determine 
the  precise  height  of  the  atmosphere.     There  are  various 
methods  of  ascertaining  it,  which  are  all  correct  to  a  certain 
d^ree^  but  still  insufiiciait  to  conduct  us  to  the  ultimate 
boundary.     If  we  agree  with  Deluc  %  and  r^ard  the  air  * 
as  89ther  condensed  by  gravitation,  it  will  follow,  that  if  the 
earth  were  the  onlygreat  body  in  the  universe,its  atmosphere 
would  know  no  bounds.     But,  as  there  are  other  globes,  air  Height  of 
at  a  certain  distance  must  commence  to  gravitate  towards  ^f  ^^^ 

,  sphere* 

them,  and,  gradually  ceasing  to  dilate,  will  condense  itself 
anew.     This  however  conveys  to  us  no  positive  mforma* 


k  WaUiB,  Hydzostat  Prop.  13. 

<  KewCoD,  Optice,  Quaest.  88. 

^  Ifodificatioiu  de  rAtmospheze,  toL  it  p.  S48. 
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Variatious 
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sphere. 
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tion.   Its 
two  me- 
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tixm.  Astrcmomers  avail  themselves  of  refractions,  which 
are  sensible  to  18  degrees  below  the  horizon,  but  they  vary 
with  the  temperature ;  however,  by  taking  a  medium,  we 
may  conclude  the  haght  of  the  atmosphere  to  be  228,000 
feet,  or  between  1 5  and  80  leagues  ^.  The  barometer  would 
furnish  a  sure  and  easy  mode  of  resolving  the  ques^n,  if 
air  was  not  oompresdble ;  but  the  different  extent  of  beds, 
or  portions  of  air,  of  the  same  weight,  and  the  pressure  of 
heterogeneous  bodies,  render  the  calculation  long  and  un- 
certain. Deluc  has  found  that  the  height  of  the  atmosphere, 
taken  at  that  point  where  the  mercury  shall  rise  on)y  one 
line,  will  be  150,G00  feet,  or  about  11  leagues,  and  that 
where  the  mercury  is  elevated  in  the  tube  only  one*tenth  of 
a  line^  the  height  will  be  213,030  feet,  or  about  15  leagues 
and  a  half. 

The  terrestrial  atmosphere  either  dilates  or  compresses 
itself  according  to  the  prevalence  of  heat  or  of  cold.  Un- 
der the  equator,  the  rarefaction  produced  by  the  rays  of  the 
sun  unites  with  the  centrifugal  force  in  cauring  the  atmo- 
sphere to  swell  in  such  a  manner  as  to  form  around  the 
earth  a  spheroid  extremely  flattened.  Laplace  images 
that  the  difference  between  the  two  axes  cannot,  at  its  maxi- 
mum, be  less  than  that  of  S  from  S.  It  is  very  natural  to 
suppose  that  there  is  a  kind  of  flux  and  reflux  in  the  atmo- 
sphere, corresponding  to  the  tides  of  the  ocean.  But 
D^Alembert  and  Boscovich  have  shewn  that  the  attractive 
powers  of  the  sun  and  moon  act  but  feebly  upon  so  subtle 
a  fluid  as  the  atmosphere  ®. 

Tlie  immense  quantity  of  particles  which  terrestrial  bo- 
dies emit  by  evaporation,  rise  into  the  air  under  the  form 
of  vapours.  Under  the  equator  this  transpiration  of  the 
globe  is  very  strong,  and  even  the  polar  cold  does  not  en- 
tirely prevent  it.  According  to  some  philosophers,  there 
exists  a  great  difference  between  tranquil  evcgparaiionj  by 

"  Lalande,  Astnmomie,  voL  ii.  p.  669, 

«  Mann,  M^moiie  sur  le  Fluz  et  Eefiux  de  rAtmosphere,  dam  les  Me- 
moires  de  T Acadimie  de  Bruxelles,  torn.  iv. 
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tvhich  only  the  particles  of  water,  transformed  into  an  elastic 
fluid  rise  in  the  idr,  and  tumtiltuous  evaporation^  in  which 
the  elastic  vapours,  disenga^g  themselves  with  great  ra- 
pidity, carry  along  with  them  a  great  number  of  aqueous 
particles  in  their  natural  state  p. 

.Tranquil  evaporation,  which  takes  place  in  temperate 
and  cold  regionsr,  does  not  so  much  change  the  natural  state 
of  the  atmosphere  as  the  tumultuous  evaporation,  whicb  is 
in  continual  operation  in  the  torrid  zone.     The  aqueous 
particles,  which  are  numerously  diffused  through  the  atmo- 
sphere in  hot  countries,  depnve  it  of  a  portion  of  its  calo- 
ric, and,  consequently,  of  its  elasticity,  which  renders  it  leM 
sensible  to  every  kind  of  commotion,  and  explains  the  great 
steaduiess  of  the  barometer  in  that  zone.     It  is  certmn  that 
nnther  the  periodical  rains,  nor  even  the  hurricanes,  can 
disturb  the  uniform  tranquillity  which  the  barometer  exhi« 
lits  in  the  neighbourhood  of  the  equator ;  whereas,  the 
nearer  we  approach  the  pole,  so  much  the  more  considerable 
do  its  oscillations  appear.     This  variation  of  weight  in  the 
atmosphere  in  the  temperate  zones  can  be  attributed  only 
to   the  variations  of  elasticity  produced  by  evaporation. 
The  different  nature  of  terrestrial  substances  also,  serves  to 
modify  evaporation.     The  azotic  and  carbonic  gases  abun-  Nature  of 
dantly  disengaged  from  many  rocks  and  earths,  cannot  b^^^^ 
unconcerned  in  that  chemical  operation  by  which  the  atmo- 
spheric  fluid  is  unceasingly  renewed.     A  number  of  earthy 
particles,  reduced  to  extreme  tenuity,  rise  in  the  air,  as  is 
evident  from  the  saline  and  sulphureous  showers  which  some« 
times  fall.      Even  the  quantity  of  the  evaporation  de« 
pends  upon  the  kind  of  substances  composing  the  surface  of 
the  globe.     Earth,  mixed  with  water,  furnishes  more  va- 
pours than  pure  water  ^ ;  owing  undoubtedly  to  a  sort  of 
fermentation  which  disengages  a  greater  portion  of  caloric'. 
From  a  ^milar  cause,  water  evaporates  more  powerfully  at 

p  Habe,  sur  PETaponUkm,  p.  49—52, 103—402. 
4  Bazin,  M^moiie  de  rAcad^mie  de  Paritf,  1741. 
'  Is  it  not  rather  owing  to  tbQ  grater  quantity  of  suifaoe  which  the  watar 
thus  moistenuig  the  eatth«  exposes  to  the  action  of  the  atmoi(diere  ?  Tt 
VOL.  I.  S  A 
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the  moment  of  its  eongelation.  The  air  is  impregnated 
with  an  immense  quantity  of  vapours  from  numerous 
^ants;  the  evaporation  from  iheAelianthtts  annim8yis^7 
times  greater  than  that  from  an  equal  extent  of  the  surface 
of  the  human  body.  What  then  must  be  the  influence  of 
those  thi<;k  forests  which  in  many  countries  still  cover  such 
vast  spacefi ! 

The  majority  of  natural  philosophers  having  not  yet 
with  sufficient  minuteness  examined  the  various  ways  in 
.wbidb  evaporation  is  modified,  are  content  with  affirming, 
ihat  part  pf  the  water  which  rises  in  vapour  is  intimately 
mingled  with  the  atmosph^c  air  which  dissolves  it ;  this 
water  is  invi^ble ;  but  when  the  air  is  saturated,  the  watery 
particles  whidi  continue  to  rise  are  no  longer  dissolved,  but 
rem^dn  suspended  in  vesicular  vapours,  the  union  of  which 
forms  the  clouds  and  mistSj  and  gives  rise  in  general  to  all 
agp^ous  meteors.  It  happens  also  that  a  part  of  the  water 
dissolved  by  the  ^r  in  disengaging  itself  anew,  from  what- 
ever cause,  assumes  the  form  of  vesicular  vapours. 
Aqueous  Aqueous  meteors  present  themselves  to  our  view  undei^ 
meteors,  j^^  forms :  suspended  in  the  air  as  mists  and  clouds,  or 
falling  to  the  ground  like  dew,  rain,  and  snow.  Cold,  by 
condensing  the  vapours  which  are  already  elevated  in  the 
air ;  heat,  by  rarefying  the  air,  and  by  disposing  and  ex- 
citing the  vapours  to  disengage  themselves  and  ascend  from 
the  earth,  and,  in  short  any  change  whatever  in  the  physical 
constitution  of  the  atmosphere  %  produces  that  visible  union 
q£  vapours  termed  mistSy  when  they  are  extended  over  the 
surface  of  the  earth,  and  chuds  when  they  float  in  the  air. 
In  ascending  to  the  summit  of  mountains  the  traveller  fre- 
quently passes  through  a  zone  of  clouds,  and  beholds  the 
extensive  vapours  of  which  it  is  composed  stretched  under 
his  £eet  like  a  vast  jdain  covered  with  sno^  ^ ;  but  even  on 
Chimborazo,.the  loftiest  mountidn  of  the  Andes,  there  are 
always  to  be  seen,  at  an  immense  iieight,  certain  whitish 

"Beigmano,  6^ogr8phie.Pbysique,  §  113,  114» 

*  Reichardt,  Voyage  a^rien.  Gazette  de  BerliOi  Juin,  ISlQr 
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doudfi,  res^mbKng  flakes  of  wool.  These  clouds^  which  ate 
perhaps  a  hundred  leagues  from  the  globe,*  probably  owe 
thdr  elevatiou  to  th^  negative  electricitjr  with  which  they 
are  oharged»  which  repels  them  from  the  earth,  while  posi- 
tive electricity  occasions  the  mists  to  descend  \ 
.  Deluc  observed  a  very  elevated  cloud  descend  with  rapi- 
dity towards  the  earth,  scatter  around  a  violent  shower  of 
rain,  and  then  with  equal  velocity  remount  to  its  original 
height.     This  was  evidently  the  effect  of  electricity  \ 

Miais  aie  of  two  kiads^  dry  and  wet ;  the  latter  are  seL  Mists, 
dom  to  be  met  with  in  the  torrid  zone,  but  they  continually 
brood  over  the  polar  re^ons.  It  is  easy  to  account  for  this 
difference ;  the  habitual  compression  of  the  atmosphere  and 
its  density  being  much  greater  towards  the  pole,  viqpours 
ean  rise  and  detach  themselves  from  the  earth.  The  dry 
JbgSj  according  to  some  philosophers,  arise  from  subterra- 
neous vapours ;  they  eichibit  an  intimate  connection  with 
volcanic  eruptions.  Such  was  the  case  with  the  celebrated 
mist  which  in  1783  enveloped  all  Europe,  at  the  moment 
when  the  volcanic  fire  made  Iceland  tremble,  and  immedi- 
ately after  the  disaster  of  Calabria  \ 
'  In  I75i,  before  the  dreadful  calamity  which  befel  Lis- 
bon, a  similar  fog  overspread  the  Tyrol  and  Switzerland ; 
it  appeared  composed  of  earthy  particles  reduced  to  an  ex- 
treme degree  of  fineness  7.  Among  the  aqueous  meteors  j^^wn. 
which  fall  to  the  earth,  none  has  given  rise  to  more  conjec- 
tures than  dew,  for  it  appears  to  have  a  two^fold  origin ; 
it  may  in  part  be  produced  from  the  transpiration  of  plants; 
\mt  the  greatest  quantity  is  formed  by  the  precipitation  of 
vapours,  which,  during  a  warm  day,  have  been  elevated  to 
a  considerable  height  The  influence  of  electricity  in  this 
phenomenon,  is  quite  undoubted,  although  as  yet  indis- 
tinctiy  explained ;  for  it  is  only  afler  a  day  in  which  the 

■  Hubct  snr  rEyapteatioii,  chap.  L  p.  291,  tqq. 
"  Ddue,  Modifications  de  FAtmoephere,  ii.  724. 

X  BenldiDgeo*  fi^flexUms  sac  le  giand  brooOhad.  Bninswick,  1783»  (en  AIL) 
Magasin  de  Pbysiqiie  de  Gotha,  ii«  9,  It.  114,  y.  119. 
'  Lambert,  Act.  Helv.  torn.  iii.    BergHuaui«  G^ogi^phte-Fbysique,  §  123. 
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mr  has  been  highly  electrical ',  that  the  dew  is  found  in 
abundance ;  and  it  is  no  where  formed  in  larger  quantities 
than  on  the  surface  of  bodies  which  are  non-conductors  of 
electricity,  as  glass  and  porcelain.  Metals,  on  the  contrary, 
appear  to  absorb  it.  There  is  hardly  any  dew  in  the  Po- 
lar regions,  in  dry  climates,  or  on  the  coasts  of  seas  in  tem« 
perate  zones.  It  is  much  more  abundant  in  hot  countries, 
where  it  is  often  a  substitute  for  riun;  but,  in  several  places, 
it  is  equally  hurtful  to  the  growth  of  plants,  and  to  the 
health  of  man,  particularly  in  marshy  countries,  where  the 
vapours  which  rise  during  the  day  are  of  a  very  unwhole* 
some  nature. 

White  or        Hoarjrosi  is  a  kind  of  dew  which  has  frozen  the  mon 
°"   ^^   ment  it  falls.     When  attached  to  trees  stripped  of  their  fo- 
liage, it  presents  the  appearance  of  crystallized  vegeta- 
tion. 

Bain*  Rain  falls  from  the  clouds,  when  the  vesicular  vapours, 

of  which  it  is  partly  composed,  unite  into  drops.  These 
drops,  in  our  climate,  are  only  a  few  lines  in  diameter,  but 
in  the  torrid  zone  they  amount  to  an  inch.  So  that  the 
difference  which  we  remark  between  the  ordinary  rwi  and 
that  which  falls  during  a  storm,  appears  to  be  only  acciden- 
tal, and  the  origin  of  both  may  be  attributed  to  a  diminu- 
tion of  electricity  in  the  clouds.  Mountains  ocmstitute  so 
many  points  which  draw  off  the  electric  fluid,  and  hence 
it  rmns  almost  continually  in  certain  hilly  countries,  as 
on  the  eastern  side  of  Norway  and  Scotland.  In  those 
regions  where  thunder  is  unknown,  as  in  the  environs  of 
Lima,  and  on  the  inde  of  Peru,  rain  is  a  [phenomenon 
equally  unknown  ■. 

Show.  When  aqueous  vapours  are  congealed,  either  while  fall- 

ing, or  when  in  the  idr  previous  to  their  falling,  they  form 
mcyw.  The  ordinary  crystallization  of  sal  ammoniac  in 
little  feathery  crystals,  presents  phenomena  similar  to  those 


*  Du  Fay,  M^moire  sur^la  Ros^.    Memoires  de  TAcad.  des  SdenocS], 
1736,  p.  352. 

•  Hubci  sur  r£yapontioD>  chap.  51 1  56|  p.  296,  328. 
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which  take  place  in  the  crystallization  of  snow  \  «  If/' 
says  M.  Monge,  <<  we  fill  a  deep  glass  to  which  heat  has 
been  applied,  with  a  saturated  solution  of  sal  ammoniac  in 
a  warm  state,  and  then  let  it  gradually  cool  in  a  calm  air, 
the  surface  of  the  liquid  will  be  the  first  to  arrive  at  the 
point  of  supersaturation,  as  well  from  the  direct  cold  which, 
it  experiences,  as  from  the  concentration  which  the  evapo« 
ration  promotes  in  that  part ;  it  is  on  the  surface,  then, 
that  the  first  crystals  are  formed.  These  crystals,  which, 
are  extremely  minute,  sink  as  soon  as  they  are  fomed ; 
and  they  descend  with  slowness,  because  their  specific  gra- 
vity is  not  much  greater  than  that  of  the  liquid  which  con- 
tains them,  at  the  same  time  their  volume  increases  by  the 
addition  of  similar,  crystals,  which  are  formed  during  their  ' 
descent,  so  that  they  reach  the  bottom  of  the  vase  in  large 
white  flakes.  The  rapid  progress  of  the  crystallization  is 
entirely  owing  to  the  affinity  of  the  particles.  The  first 
crystal  which  begins  to  descend,  forms^  as  it  were,  a  rallying 
point,  or  nucleus,  to  all  the  particles  which  have  a  tenden- 
cy to  unite.*"  By  a  reference  to  these  phenomena,  we  may 
explain  the  formation  of  snow ;  the  first  crystals  of  which, 
produced  at  a  great  height  in  the  atmosphere,  determine, 
as  they  descend,  by  the  excess  of  their  specific  gravity,  the 
crystallization  of  aqueous  particles,  which,  without  tlieir 
presence^  the  surrounding  ^r  would  have  retained  in  a  state 
of  solution.  The  result  is  the  formation  of  stars  of  six 
rays,  when  the  weather  is  sufficiently  calm,  and  the  tem- 
perature  not  too  high  to  deform  the  crystals  by  melting  off 
their  angles ;  but  when  the  atmosphere  is  agitated,  and^the 
snow  falls  from  a  great  height,  the  crystals  clash  together, 
unite  in  groups,  and  form  irregular  flakes. 

Hail,  according  to  all  appearances,  is  a  species  of  snow,  HaiL 
or  of  snowy  rain,  which  has  undergone  a  variety  of  conge- 
lations and  superficial  meltings  in  its  passage  through  dif- 
ferent zones,   some  temperate,  and  others  frozen.     But 
what  cause  can  produce  Uiese  great  variations  of  tempera^ 

« 

^  Monge,  Annales  de  Chimie,  v.  p.  1.  tqq^> 
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ture  ?  We  answer,  electridty,  which^  in  oombimilg  oxy«' 
gen  and  hydrogen,  deprives  them  of  part  of  their  caloric^. 
Haily  aooording^y,  eren  that  which  falls  in  spring,  is  ao- 
oompamed  by  marks  of  electricity  \  It  is  by  an  electrical 
apparatus  that  we  can  produce  artificial  Ilail^  We  may 
add,  that  Tolcanic  eruptions  are  often  followed  by  the  fidl 
0f  hailstones^  of  enormous  sise '.  The  violence  with  which 
hail  is  discharged  upon  the  earth,  under  an  oUique  angle, 
and  independently  of  the  wind,  would  be  eicplained  by 
supposing,  with  the  celebrated  Volta^  two  electrkal  clouds 
drawn  towards  each  other  in  a  vertical  direction,  and  by 
Aeir  shock  producing  bail,  which,  by  the  law  of  the  com* 
pondon  of  fortes,  would  then  be  projected  in  the  diagonal 
'  dS  its  gravity,  and  of  the  reiftult  of  the  two  directions  of 
the  clouds. 
Efteisof  ^^^  ^^^  ^^^  principal  circumstance  which  natural 
aquMus  philosophy  has  supposed  to  concur  in  the  formation  of 
aqueous  meteors.  Their  beneficial  influence  upon  the 
earth  is  a  point  more  easy  to  determine.  We  observe  ail 
nature  languish,  when  the  atmosphere  retains  for  tod  long 
a  time  the  fluid  arising  from  the  earth.  Plants  fade  and 
droop;  animals  feel  their  strength  failing  them.  Mail 
himself,  breathing  nothing  but  dust,  can  with  difficulty  pro* 
cure  shelter  from  the  sultry  heat  by  which  his  frame  is 
parched  and  overpowered ;  but  scarcely  have  the  waters  of 
heaven  descended  from  the  clouds,  when  all  living  beings 
begin  to  revive ;  the  fields  resume  their  green  attire,  th6 
flowers  their  lively  tints,  animals  the  sportive  freedom  of 
their  motions,  and  the  elements  of  the  air  their  healthful 
equilibrium.    Snow  itself,  whose  very  name  alarms  the 


•  Joumal  dc  Phyoque^  on  Obserratioiify  &c.  de  Rozier,  1778,  Sept— > 
Cotte,  Journal  General  de  France,  1788,  Na  95.  Magasin  de  Gotha,  vi. 
Slc    libes,  Dictionnaire  de  Physique. 

A  Senebier,  Joumal  de  Physique,  1787,  Mu. 

•  Qnlnquet  et  Sdferhdd,  vffytz  Magann  da  GoCba,  ▼!•  189  $  Tii.  iS^% 

'  StepheD0on*8  Picture  of  Icelazid^  p.  307^  (m  German.) 
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na&fes  of  the  tnqpicSy  is  praductiye  of  leal  advantages  in 
the  economy  of  nature;  it  secures  the  roots  of  plants  against 
the  effects  of  intense  cold ;  it  serves  gendy  to  moisten  those 
lands  fiom  which,  owing  to  ih&r  local  atuation,  the  rain  is 
too  soon  carried  off;  and  it  paves  fer  die  inhaUtant  of  the 
north  commodious  and  agreeable  roads,  along  winch  he 
gaily  skims  in  his  light  and  nimUe  sledge ;  whilst  the  oo- 
eupants  of  die  soudi,  living  under  a  cloudy  sky,  are  stran- 
gers to  die  enjoyments  both  cf  winter  and  of  summen 
Hail  alone,  of  all  the  aqueous  meteors,  never  appears 
but  as  aharbinger  of  distress.  Birds  and  quadrupeds  in- 
stinctively  conceal  diemselves,  as  soon  as  th^  have  any 
presentiment  of  its  coming'.  Man  can  ndther  fiiresee  its 
appro«;h,  nor  arrest  its  ravages ;  he  has  been  able  to  ward ' 
off  the  thunderbolts  of  the  sky,  but  he  sees  die  hail  destroy  • 
his  com,  break  his  fruit  trees,  and  shatter  die  very  house 
where  he  dwells,  without  being  able  to  prevent  it. 

Excess  of  humidity  might  soon  become  hurtful  to  tfaeQoantiQror 
^ardi,  but  it  is  difficult  for  such  excess  to  take  place;  theJJJJJJJ^^ 
quantity  of  atmospherical  water  diffiised  by  aqueous  me« 
teors  varies  according  to  the  climate.  At  Paris,  it  has 
been  found  that  there  annuaUy  fall  ^  inches  of  rain-water 
and  of  dew ;  at  lolmezzo,  in  Friuli,  die  quantity  c£  rain 
alone  amounts  to  S&  inches ;  at  Carfagnano,  in  the  Apen- 
nines, to  9S ;  there  fall  at  Grenada,  105 ;  and  at  Leogan^ 
in  die  island  of  St  Domingo,  150  inches.  It  is  ptdbable 
that  in  every  plac&  the  quantity  of  water  evaporated,  de- 
termines that  which  descends  from  the  atlnosphere''. 

The  salutary  effects  of  aqueous  meteors  are  modified  by  Mature  of 
the  chemical  qualities  of  die  waters  of  the  atinoq)here.  ■*™*^^»«n^ 
The  salt  rain  and  dew  in  the  environs  of  the  Caspian  Sea, 
owing  to  the  vapours  which  arise  from  .a  soil  impregnated 

c  Coon  compliet  d' Agriculture  pratiqiie^  par  Bozier,  Sonxuni,  &c.  art  MS* 


\  Ddbmetherie,  Throne  de  la  Tene,  sect  1254.  Cotte,  Metearologie. 
Haksy  Stadqiies  des  Veg^taox.  Menunies  de  Sedilleau  (Academie  de  Paris,) 
dt  Waigmtin  (Academie  de  StocUralxD,)  &c.  ftc 
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with  different  kinds  of  Bali  *,  probably  ccmtribute  to  those 
saline  eiBoresoences,  which,  according,  to  M.  Olivier,  are 
gradually  overspreading  the  once  fertile  soil  of  Persia. 
They  are  so  strong,  that  in  one  cold  summer  night,  you 
may  see  them  on  the  camels,  under  the  a{^)earance  of  hoar 
frost  containing  sal-ammoniac.     In  the  west  of  Jutland^ 
you  may  perceive  fogs  of  a  salt  quality  arising  from  the 
bosom  of  the  sea,  which  consume  the  foliage  of  trees,  and 
put  a  stop  to  their  growth,  without  being  pernicious  to  that 
of  grass.    In  France,  the  autumnal  fogs,  charged  proba- 
bly with  electricity,,  hasten  sometimes  the  maturity  of  the 
grape. 
Sina^feni^      Amongst  the  aqueous  meteors,  there  are  some  which 
blood,  of    ^ere  once  considered  as  miraculous,  but  which  more  e3ca€t 
andof  fixe,  observation  has  entirely  divested  of  their  supernatural  cha- 
racter.    Such  are  showers  of  bloody  which  take  place  when 
the  rain  water  draws  with  it  a  great  number  of  certain  red 
iiusects,  which  float  in  the  atmosphere,  or  swarm  on  the 
earth.    Showers  qf  sulphur  may  actually  have  occurred,^ 
even  independently  of  volcanic  eruptions,  as  the  air  con- 
tains carbon  and  sulphiuric  gas,  which,  combined  by  caloric, 
form  sulphur.     In  the  month  of  May,  1646,  there  rained 
at  Copenhagen  a  kind  of  substance,  which,  on  being  exa- 
mined  by  the  philosophers  of  that  day,  appeared  to  be  a 
mineral  sulphur^;   but  the  same  phenomenon  recurring  in 
1804,  and  in  the  same  month  of  May,  the  philosophers  of 
the  present  age,  after  analysing  the  precipitated  matter, 
perceived  only  a  vegetable  substance  nearly  resembling  the 
semen  Jycopodii  K     The  phosphorescence  of  this  substance, 
at  the  moment  of  the  rain,  whidi  happened  during  the 
night,  presented  an  alarming  spectacle.    Other  examples 
GOi^cur  in  shewing  that  sulphurous  showers  are  in  general 
nothing  but  the  fall  of  a  vegetable  powder,  taken  up  by  a 
i^ater-spout ;  a  phenomenon  which  we  shall  hereafter  de- 

*  Gmelin,  Description  de  U  Bussie,  iiL  11, 1?» 
^  Wormius,  Museum,  lib.  i.  cap.  9,  sect.  1. 
'  M^xnoires  de  Viborg  et  de  Kaih. 
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At  Bourdeaux,  in  17Slf  the  irind  m$ed,  and  bore 
through  the  air  a  cloud  composed  of  a  sort  of  ye^Uoivish 
dust,  covering  the  stamina  of  the  flo<irers  of  the  pipe^trees 
in  the  neighbouring  landes  ^.  Hurricanes  too  have  some« 
times  lifted  up  sheaves  of  corn,  as  well  as  animals  of  smdl 
9ize,  such  as  locusts  and  toads,  which,  falling  at  a  consi- 
derable distance,  have  frightened  the  peasants.  The  most 
frightful  phenomenon  of  this  description,  a  shower  of  fire, 
has  been  twice  observed  by  a  celebrated  naturalist,  who 
declares  he  saw  nothing  more  than  rain  very  strongly 
diarged  with  electricity,  and  which  sparkled  on  toudiing 
the  ground  ". 

We  come  now  toconader  luminous  meteors;  and  first  as  Optical 
to  those  which,  according  to  the  principles  of  common  jAy^^^**"""*"* 
81CS,  depend  on  refraction  and  reflection. 

The  solar  rays,  say  the  Newtonians,  in  passing  from  a  Refraction 
rare  into  a  dense  medium,  undergo  an  inflection,  a  devio-^^^  "^^^ 
tion  from  the  direct  line  of  their  course,  which  is  termed 
Refractior^c^-^ihe  seven  visible  rays  have  different  degrees 
of  refrangibiiity :  the  red  rays  have  the  least ;  then  come 
in  succession  the  orange,  the  yellow,  the  green,  the  light 
blue,  the  indigo,  and  the  violet.  All  bodies,  which  are 
visible  without  being  luminous  or  transparent,  have  the 
property  of  reflecting  light,  that  is,  of  repelling  it,  and 
throwing  it  back.  Even  the  clouds  and  the  air  possess  this 
property.  The  rays,  which  have  most  refran^biiity,  are 
also  the  most  reflexible.  These  two  causes  present  us  with 
the  most  delightful  and  the  most  majestic  spectacles  in 
nature.  If  the  sky  shines  with  a  beautiful  azure  hue,  it 
is  sdely  the  effect  of  the  rays  of  blue,  indigo,  and  violet, 
which  are  first  reflected  from  the  earth,  and  afterwards  re- 
turned to  us  by  the  atmosphere.  The  refraction  of  light 
enables  it  to  diffuse  itself  gradually  over  our  hemisphere, 
obscured  by  the  shades  of  night,  long  before  the  sun  ap« 


Sigaud  Lafondt  Diet  des  MerveiUes  de  la  Natuiei  tome  iii.  p.  196. 
Bergmanny  G6og.  Fhysiquei  ii,  45.  sect  11&. 
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pears,  ^oti  Mthieh  that  luminary  isi  IS  dcfgrees  below  oof 

horizon. 
Twilight        Tlie  fuiUght  and  the  darni  confer  a  substantial  benefit 
"*^  ^'^^  on  the  kbouter,  the  navigator,  and  the  wretched  inhabi-^ 

tanis  ci  the  frozen  zone.     By  their  meims  the  two  pole9 

enjoy  the  solar  light  for  nearly  the  space  of  nine  months. 

The  sun  himself  appears  by  refraction  above  the  hcmzon 

before  he  actually  arrives  there. 
Rinng  and      The  Inillsant  tints  which  accompany  the  rising  and  9eU 

Se  nm.^^  ^''^  ^  ^**  ^^^*  originate  from  this>  that  the  air  towarcb 
night  and  in  the  mining  is  considerably  condenjsed^  and 
.  loaded  with  a  variety  of  vapours.  The  very  refran^ble 
rays  sdidom  or  never  readh  us.  The  red  and  yellow  have 
alone  inflexitnlity  enough  to  penetrate  through  the  atmo^ 
sphere,  and  to  render  the  vapours  and  clouds  so  many 
moveable  mirrors.  This  then  is  the  reason  why  the  sun 
appears  so  often  to  be  red,  morning  and  evening.  The 
delightful  spectacle  of  the  dawn  and  of  twilight  is  almost 
entirely  denied  to  those  who  live  in  the  re^ons  df  the  equa- 
tor, where. the  sun  rises  in  a  direction  nearly  vertical.  It  is 
towardfl  the  poles  that  these  reflected  splendours  of  that 
great  luMnary^are  longest  visible,  often  chan^ng  the  whole 
of  the  night  into  a  magic  day,  of  which  the  inhabitant  of  the 
south  of  Europe  can  form  no  adequate  omception. 

Parhelioiu*  PorheUons^  or  false  suns,  are  phenomena  less  common. 
We  see  by  the  side  of  the  sun,  often  above  and  below,  se« 
veral  images  of  that  luminary,  more  or  less  bright.  These 
/alse  suns  are  sometimes  surrounded  by  a  circle  of  pale 
light ;  s(»aetimes  adorned  by  the  colours  of  the  rainbow ; 
most  commonly  they  are  not  exactly  circular,  and  some 
have  been  observed  with  luminous  trains.  This  meteor  has 
never  been  seen  at  the  same  time  in  a  number  of  distant 
places ;  it  exhibits  a  different  appeanmce  even  to  spectators 
who  arenear  each  other;  it  is  therefore  an  optical  illusion.  As 
it  snows  and  hails  generally  at  the  very  time  when  a  false  sun 
disappears,  it  is  supposed  that  it  is  in  a  mass  of  little  spires 
of  ice  suspended  in  the  air  that  the  image  of  the  sun  is  re- 
flected ;  the  rays  pass  probably  through  an  opening  be* 
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tween  tfaidc  douds,  ae  ivfaen  one  lets  fall  the  soliur  image  in 
a  camera  obscura  ^ 

There  are  also  false  moons.  These  Oiusions  om  taie 
place  only  when  the  sun,  being  distai^  from  the  zenith, 
darts  its  rays  obliquely  upon  the  atmosphere ;  accordingly, 
almost  all  the  parhelions  occur  either  in  the  morning  or  the 
evening.  False  suns  are  often  obsB*ved  in  countries  wher^ 
a  damp  cold  prevails.  These  are  frequent  phenomena  in 
Greenland;  and  we  are  assured,  that  in  the  environs  of 
Hudson's  Bay,  the  sun,  when  rising,  generally  appears  to 
have  a  taiL 

The  rainbow  has  a  near  affinity  to  pariidion^  and  gene.  Rainbow, 
rally  accompanies  thcan.  Every  one  knows  that  this  magni^ 
ficent  arch,  so  wonderfully  colouised^  is  the  effect  of  tfie 
seven  solar  i^ys  refracted  in  drops  o£  water  suspended  in 
the  air,  and  reflected  upon  a  dark  cloud,  as  up<m  a  cativasKr 
It  is  to  treatises  on  optics  that  we  mast  rdfer  our  readers 
for  an  explanation  of  tfaas  phenomenon  p. 

What  is  germed  the  apotheosis  of  travelkre,  is-aphena-Varioas 
mepon  mudi  akin  to  that  of  the  rainbow.     The  aeademi<»i  ^^  ^  ^ 
ans  Bouguer,  Godin^  and  La  Condamine,  when  standing  ^**^"^ 
upon  the  very  elevated  mountain  of  Pambamarca^  in  Quito, 
saw  their  own  image  reflected  in  a  very  light  fog,  and  sur- 
rounded by  several  concentric  drcks,  ornamented  wiA  the 
colours  of  the  rwnbow.     The  Spectre  ofBrodcen  is  an  op- 
tical  deception  of  the  same  kind. 

The  «  Mirage,''  or  appearance  of  olgects  which  are  not  The 
actually  in  the  horizon,  ot  which  exist  there  in  a  different"*^ 
situation,  is  cme  of  the  most  remarkable  of  optical  illusions. 
At  sea^  rocks  and  sands  concealed  under  the  water,  appear 
as  if  they  were  raised  above  the  surface.  The  Swe^rii 
sailors  long  searched  for  a  pretended  magic  island,  which 
from  time  to  tune  could  be  descried  between  the  isles  of 

•  Huyghcns,  Dissert  de  Coionis  et  ParheBtt,  in  Op.  Relict  u.  Bcremanfl. 
Geographie-Physique,  §  122. 

P  Hauy,  Tiait^  de  Phyaque,  §§  965.975.  Comp.  Observations  surrAic- 
en-Ciel,  emt  de  Fiq^pOcstioii  4!une  noardle  Th^orie,  &c  par  M.  r  Abbfc  P. 
"  •    1768, 
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Aland  and  the.  coasts  of  Upland.    It  was  a  rock  elevated 
by  the  mirage  %    At  one  time,  the  English  saw  with  ter-; 
ror  the  coasts  of  Calais  and  Boulogne  apparently  approach- 
ing  the  shores  of  their  island. 

Vessels  sometimes  present  themselves  to  the  view,  as  if 
they  were  upset,  or  as  if  sailing  in  the  clouds '.-  The  taost 
celebrated  example  of  thisjdienomenon  is  that  which  is  frc« 
quently  seen  in  the  straits  of  Messina,  and  which  the  people 
attribute  to  the  fairy  Morgana,  Faia  Morgana.  Tlie  spec- 
tator, standing  on  the  Italian  coast,  perceives,  upon  an  in- 
clined plane,  formed  by  the  waves  driven  towards  the  mid- 
dle of  the  strait,  hnages  of  palaces,  embattled  ramparts, 
houses  and  ships,  at  one  time  turned  upside  down,  at  ano- 
ther confusedly  set  up  again,  and  presenting  the  spectacle 
of  towns  and  landscapes  in  the  air '.  Of  all  the  effects 
arising  from  this  cause,  that  which  has  been  most  thorough- 
ly examined,  is  the  optical  illusion  which  the  French  expe- 
rienced in  the  deserts  in  the  vidnity  of  Egypt;  the  sandy 
plain,  covered  in  the  distance  by  a  thick  vapour,  presented 
the  deceptive  image  of  a  vast  lake,  towards  which  they 
eagerly  hastened,  but  which  appeared  to  fly  before  them  K 
All  these  fantastic  optical  appearances,  worthy  of  exercinng 
the  acuteness  of  philosophers,  who  unquestionably  will 
trace  through  each  of  them  only  the  varied  effects  of  a  angle 
cause,  can  be  but  briefly  specified  in  a  treatise  of  physical 
geography, 
^odiaeal  The  zodiacal  light  deserves  our  particular  attention.  It 
^^  is  a  grand  phenomenon,  which  must  be  r^erred  mther  ta 
the  nature  of  the  terrestrial  atmosjdiere,  or  to  the  position 
of  the  globe  with  regard  to  the  sun.  This  light,  which  exists 
constantiy  under  the  equator  ^,  presents  itself  after  sunset. 


4  M^oint  de  PAcacI^mie  de  StoclEholm. 

'  Minan,  Gilbert,  &c  Voyez  le  M^oire  sax  let  Fata  Morgaoa,  qui  pa> 
laitra  dans  lea  Annales  des  Voyages. 

■  Philosophical  Transactions,  1799. 

<  Monge,  sur  le  Mirage,  dims  les  M4in.  d'Egy]^  i>  (>4* 

*  Homer,  Astronomie  de  r£xpedition  de  KruseQStenif  dans  Zad),  Conok 
pondance,  z.  Slly  219,  340,  (avec  ime  figure.) 
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under  the  appearance  of  a  serene  whitish  clearness,  of  a 
lenticular  form,  having  its  base  turned  towards  the  sun,  and 
its  axis  in  the  zodiac. 

Midran  has  supposed,  that  this  light  was  the  atmosphere 
of  the  sun  * ;  but  this  explanation,  so  generally  admitted, 
18  totally  rejected  by  M.  de  La  Place.  This  illustrious  geo^ 
m^er  observes,  as  we  think  vary  jusdy,  that  the  atmosphere 
of  the  sun  cannot  have  a  lenticular  form,  nor  be  extended 
beyond  the  orbit  of  Mercury,  whilst  the  zodiacal  light  ap* 
pears  to  extend  itself  even  beyond  the  terrestrial  orbit  Tf. 
If  we  were  permitted,  in  a  work  of  this  description,  to  de- 
velop new  opinions  in  physics,  we  should  endeavour  to  ren- 
der it  probable,  that  the  zodiacal  light  is  nothing  else  than 
the  luminous  fluid  belonging  to  the  terrestrial  globe,  attract- 
ed by  the  imn  in  the  diiection  of  his  apparent  daily  path, 
and  which,  being  accumulated  upon  the  line  of  that  direc* 
tion,  becomes  viable  at  the  moment  of  the  decline  of  the 
sun.  This  efflux,  forming  an  elliptic  belt,  the  great  dia- 
meter of  which  is  always  directed  towards  the  sun,  must 
present  itself  under  a  lenticular  figure,  the  largest  part  of 
which  is  turned  towards  that  luminary.  It  is  true,  that 
this  explanation  supposes  that  the  luminous  fluid,  diffused 
throughout  the  universe,  accumulates  around  the  celestial 
globes  in  the  ratio  of  their  mass  and  density,  which  as  yet  is 
ooiy  an  uncertain  hypothesis. 

Amongst  the  igneous  meteors ^  of  which  we  are  now  igneous 
about  to  treat,  thunder  occupies  the  first  rank.  It  is  uni.' 
versally  known  to  be  the  efiect  of  electridty,  the  theory  of 
which  must  be  studied  in  philosophical  treatises.  We  have 
seen,  that  all  the  powerful  agency  of  the  electric  fluid  is 
flensably  present  in  the  air,  in  rain,  snow,  hail,  and  in  the 
douds  which  float  in  the  midst  of  the  atmosphere.  These 
bodies  receive  their  electric  properties  from  the  hand  of  na- 
ture, in  a  manner  not  exactly  known,  though  the  experi- 
inents  of  Lavc»ffler  and  La  Place  have  unquestimiably  prov? 

>  Mainm,  Trute  de  rAoioie  BoifiUe,  p.  12. 
I  Lspbce,  37steine  du  Monde,  lib.  i?.  c.  10. 
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ed,  that  terrestrial  bodies,  in  evapcHrating,  carry  pp  firom 
the  earth  a  part  of  the  electric  fluid  which  belongs  to  it*  It 
is  to  the  celebrated  Franklin  we  owe  the  direct  proof  pf  the 
electricity  of  the  atmosphere.  He  was  the  first  who  was 
bold  enough  to  make  an  experiment  on  the  cV>udii,  and  to 
draw  down  the  lightning  from  the  sky. 

The  electricity  of  the  clouds  in  storms  is  almost  .idways 
that  which  philosophers  term  vitreous  or  posiHve;  itaug* 
ments  in  proportion  as  we  ascend  in  the  atmosphere,  and 
consequently  ought  to  be  very  strong  in  that  part  of  the 
air  which  gives  birth  to  storms.    The  whole  terrestrial  globe 
may  be  looked  upon  as  a  vast  reservoir  of  both  kinds  of 
electricity,  but  jmore  frequently  of  the  resinous,  or  negative. 
As  long  as  these  two  bodies  renuun  in  their  natural  state, 
the  two  electricities  consequently  are  in  equilibrium,  and  .at 
rest ;  but  if  one  of  these  two  bodies,  whether  it  be  the 
earth  or  the  atmosphere,  acquire  an  excess  of  the  electric 
fluid,  there  is  no  longer  an  equality  between  the  repulsive 
and  the  attractive  powers.     The  ^Lcess  pf  the  fluid  is  dis- 
charged in  the  form  of  a  flash.     This  constitutes  thunder, 
which  is  either  descending  or  c^cending..    We  sometimes 
observe  these  two  kinds  of  thunder  almost  at  the  saute  mo- 
ment, the  earth  and  the  atmosphere  appearing  to  make  a 
mutual  exchange  of  their  surplus  electricity.     The  fladi, 
which  is  attracted  and  conducted  by  metals  and  moist  ho* 
dies,  in  preference  to  other  substances,  commits  ravage^ 
which,  from  our  inability  to  observe  them  with  coolness^ 
still  remain  in  circumstances  of  obscurity ;  here,  the  thun^ 
der  kindles  rapid  and  devouring  flames.;  there,  it  bends 
imd  shivers  the  objects  which  it  meets  with,     Sometimes  it 
instantaneously  deprives  animals  of  life,,  and  sometimes  i^ 
passes  over  the  clothes  without  injuring  the  person/ 
Variations      A  kind  of  periodical  flwn:  and  reflux  has  been  observed 
tokfli^r*  ^  ^^  electrical  fluid  of  the  atmosphere.     In  summer,  yihex^ 
the  earth  is  dry,  and  the  day  is  warm^  droughty,,  and  se- 
rene,  the  atmospheric  electricity  increases  from  sunrise 
tUl  midday,  when  it  arrives  at  its  mucimum,  then  it  re- 
mains  stationary  for  a  couple  of  hours,  and  afterwards  di- 
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flashes  until  the  fall  of  the  dew«     Towards  midnight,  it 
revives,  to  be  again  almost  entirely  extinguished.     In  win- 
ter^  the  maoAmum  of  electricity  is  at  eight  o^clock  in  the 
evening ;  U  is  weaker  during  the  day.     In  all  these  varinr 
dons,  atmoj^herical  electricity  seems  very  exactly  to  fellow 
up  the  development  of  hydrogen  gas,  which  is  mare  or  less 
considerable  at  different  periods  of  the  day '.     Electrical 
phenomena  wtc  more  prevalent  in  some  quarters  of  the 
globe  than  in  others.     Towards  the  poles,  the  disengage- 
ment of  hydrogen  gas  is  extremely  scanty,  and  there  is  also 
no  continual  friction  between  the  earth  and  the  atmosphere. 
Thunder,  accordingly,  is  rarely  observed  in  those  regions; 
it  is  only  a  weak  decrepitation.     As  we  advance  towards 
the  equator,  hydrogen  gas  becomes  more  abundant,  and 
at  the  same  time  the  storms  are  more  violent    It  is  under 
the  line,  that  we  meet  with  that  vast  extent  of  sea  where 
thunder  storms  almost  constantly  prevail.     There  are,  how«- 
ever;,  countries  under  the  line,  in  which  it  rarely  thunders. 
If  thunder  seems  to  be   particularly  attracted  towards 
m^shy  placesj  may  not  the  cause  be  found  in  the  presence 
of  the  inflammable  gas  of  marshes,  which  is  only  an  im- 
pure species  of  hydrogen  gas  f     It  is  supposed  that  ther« 
are,  in  the  electric  fluid  of  the  globe,  two  currents,  the 
one  from  the  poles  towards  the  equator,  the  other  in  an  op. 
po^te  direction.     This  is  a  very  probable  hypothecs. 

Storms,  notwithstanding  the  calamities  which  they  fre-^Bl^^^^^ 
quently  occa^n,  and  which  the  thunder-rod  cannot  infal-  ™^ 
Ubly  prevent,  desarve  to  be  considered  as  one  of  the  great- 
est benefits  that  our  Creator  has  bestowed.  They  diffuse 
freshness  trough  the  atmo^)here  when  it  is  in  a  confined 
and  sultry  state ;  the  plants  resume  their  lively  green,  the 
flowers  Kuse  th^  dnx^ng  heads  when  their  thirst  has 
been  quenched  by  the  rain ;  the  crops  and  fruit,  penetrat- 
ed  by  new  warmth^  ripen  more  riqpidly,  and  mah  silently 
adores  th^  Great  Being  whose  power  has  been  displayed. 


■  Samniie,  Voyages,  sect^SOO,  803,  831.    LiemoDnier,  M^m.  de  TAcade* 
miC)  1712,  j/tt  S40f  241.    Beccaria,  Electricite  Uizehtxe,  sect  1087. 
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We  now  proceed  to  consider  other  igneous  phenomena^ 
none  of  which  possess  the  dreadful  energies  of  thunder. 
Aurora  bo-      The  auTOfi^a  borealiSf  so  often  celebrated  by  Ossian,  pre- 
'^^^         sents  a  spectacle  equally  magnificent  and  astonishing.     In 
these  bloodstained  and  fiery  meteors,  what  poet  is  there 
who  could  not  discover  the  shades  of  warriors,  who,  once 
conquerors  of  the  earth,  and  now  rulers  of  the  mr,  stoop 
from  the  clouds  to  behold  the  combats  of  their  posterity  ? 
Are  not  those  pale  and  soft  lights  the  daughters  of  heroes 
who,  cut  down  in  the  early  bloom  of  their  beauty,  now 
float  upon  the  wings  of  the  wind  ?    We  hear  their  sighs, 
and  the  rustling  of  their  resplendent  robes ;  and  we  see, 
rising  towatds  the  zenith,  and  assembling  on  every  side  the 
luminous  columns  of  the  wandering  palace  of  departed  spi- 
rits.    But  we  must  leave  to  the  painter  and  the  poet  the  de- 
lineation of  such  enchanted  scenes,  and  confine  ourselves 
to  a  more  rigorous  and  sober  description  ^     The  aurora 
borealis,  in  our  European  countries,  uniformly  appears  in 
the  north,  and  inclining  generally  a  little  to  thie  west.     In 
Greenland,  we  sometimes  perceive  this  phenomenon  towards 
the  south.     In  the  other  hemisphere  it  is  observed,  but  with 
a  feeble  lustre,  in  the  direction  of  the  south  -pole.     The 
ancients  appear  to  have  described  it  under  the  name  of 
lamps,  or  buminff  torches,  and  other  designations.     In 
our  age,  it  is  a  rare  occurrence  iu  the  temperate  zone,  and 
becomes  common  only  towards  the  60th  degree  of  latitude. 
It  commences  generally  three  or  four  hours  after  sunset,  and 
is  preceded  by  a  sombre  cloud,  nearly  resembling  the  seg- 
ment of  a  circle,  of  which  the  horizon  forms  the  cord.    This 
segment,  seen  at  Upsal,  for  example,  is  of  a  deep  black, 
whilst  in  Lapland  it  appears  greyish,  or  even  becomes  al- 
most invisible.     Its  circumference  very  soon  borders  upon 
a  whitish  light,  which  sometimes  appears  gently  to  expire. 
^Most  frequently  the  cloudy   segment  opens   in  chinks, 
whence  issue  streams  and  rays  of  light;  of  a  yellow,  a  rose. 


*  Maiiran,  Traite  des  Aurores  Boitales^  p.  115.    fiergmann^  Giog.  Fbys^ 
ii.  96— lOi. 
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a  purple,  or  a  sea-green  colour.  A  general  movetnent  agi- 
tates all  the  cloudy  and  enlightened  space ;  rays  becoming 
more  and  more  bright,  shoot  across  each  other  like  lightning 
flashing  in  the  midst  of  effulgent  splendour ;  by  degrees, 
there  is  formed  in  the  zenith  a  luminous  crown,  which 
seems  to  be  the  central  point  of  all  the  motions  of  the  lu- 
minous matter.  After  having  occupied,  for  the  space  of 
an  hour  or  two,  almost  the  whole  expanse  of  the  heavens 
the  phenomenon  contracts  itself  at  first  on  the  southern 
ode,  afterwards  on  the  west  and  the  east,  and  finally  dis- 
appears towards  the  north.  The  rising  sun  invariably  ex- 
tinguishes these  rival  luminaries.  The  further  we  remove 
from  the  pole,  the  less  distinctly  do  we  perceive  these  dif- 
ferent appearances  of  the  aurora  borealis.  It  generally  ap- 
pears in  France,  only  like  a  light  not  much  elevated  above 
the  horizon. 

Philosophers  have  given  diierent  explanations  of  these 
phenomena.  That  which  Professor  Libes  lately  proposed, 
appears  to  unite  simplicity  to  probability  ^ 

This  philosopher  lays  down  the  six  following  principles : 
1st,  If  the  electric  spark  be  transmitted  through  a  mixture 
of  azotic  and  oxygen  gas,  the  result  is  the  production  of  nitric 
and  nitrous  acids,  or  of  nitrous  gas,  according  to  the  propor- 
tion subsisting  between  the  oxygen  and  azote  which  compose 
the  mixture.  2d,  Nitric  acid  acquires  additional  colour  and 
volatility  from  being  exposed  to  the  sun.  Scheele  first  ob- 
served this  phenomenon,  and  M.  Libes  has  made  frequent 
observations  on  the  subject.  Raving  placed  a  glass  receiv- 
er over  a  saucer  containing  nitric  acid,  and  having  exposed 
the  whole  to  the  sun,  he  observed  that  the  acid  became  co- 
loured,  and  that  the  receiver  was  filled  with  reddish-looking 
vapours,  which  remained  in  it  a  longtime,  diffusing  a  lustre 
similar  to  that  of  the  aurora  borealis.  Sd,  In  phials  con- 
tidning  nitrous  acid,  we  always  perceive  above  the  acid  a 
very  red  and  very  volatile  vapour,  which  never  condenses^ 

^  TraiU  de  Physique,  par  Libes,  tome  nL  p.  309. 
VOL.  I.  2  B 
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4thf  Nitnms  gast  vhen  in  contact  wUh  atmospbiBiieal  ^y. 
enuts  deqp  xed  vapQiurs^  wjbifib  Aj  astray  into  IheMnosphere. 
fitb,  The  hjdrogw  gas  whidb  ia  disengaged  fixH^ 
of  the  t^che^  oocupies,  in  the  hi^ier  legions  of  the  atmo- 
spbei»9  a  place  madced  out  by  its  specific  gnm^.  i6tb.  The 
solar  heat  has  but  little  influence  in  the  polar  segbns.  In 
leflecting  upon  these  principles^  it  is  eaqr  to  pesceivey  that 
the  prpduction  of  hydrqgen  gas  being  extremely  scanty^  if  at 
aU  ooeiurongy  in  the  pglfur  legions,  the  «lectric  fluid  in  floy^^ 
bafok  Irom  the  ^uator  toirards  the  pole*  must  pass  through  m 
qaacepccppied  only  by^mixture  of  azotic  find  oxygen  gas; 
that  the  «lectne  upark  fixes  and  combines  these  two  gases; 
thai  tbia«pmbination4N:^t  to  cause  the  production  of  nitrous 
a^ycpriiif  nitrous  gas^jsccmding  to  the  proportion  which  pna^ 
vails  betvei$n  the  tMo  con^ionent  gases ;  and  that  the  gaa 
and  the  nitric  acids  thus  formed,  should  exhale  x^  and 
voiatUe  Tapours,  which  ^ve  rise  to  the  phpooroena  qf  the 
anixw  bor^s.  If  these  phenoroena  dp  not  occur  in  the 
temperate  zones,  the  reason  is,  that  in  their  strongly  heat- 
ed Atmosphere,  there  is  ^ways  to  he  found  a  odxtuve  of 
axygeonnd  hydnigen  gas^  which  attracts  the  eledric  iqpark^ 
tbua  pqcftsigning  thunder  and  lijgbtning.  These  two  phe- 
Mmma  al^  not  Jw>wn  in  the  pohur  r^^ions,  from  their  defi** 
eimcy  in  hydisogen  gaa. 

The  iQbf^xvM&m»  of  the  elder  Gmelin,  in  his  travels  in 
Shma,  tend  to  confirm  the  ojunion  of  M.  libes.  As 
H^  ^idrance  into  eastern  Siberia,  the  aurora  borealis  be* 
coioes  more  frequent  and  more  dazzling ;  and  it  appears 
4iat  Ihe  frozen  regions,  between  Jenissa  and  Cape  Bluing, 
aw  the  native  country  of  these  phenomena.  Now,  that 
is  exactly  the  quarter  of  the  old  continent  where  the  cold 
is  «Pst  intense.  And  consequently  where  least  hydrogen  is 
disepgsgedf 

This  eyplyafiont  however,  does  not  account  £6r  several 
cucumstwices  of  the  phenomenon ;  amongst  others,  for  the 
blackish  segment  which  forms  the  base.  We  must  wait 
until  enlightened  observers  have  applied  the  principles  on 
which  it  is  founded  to  a  certain  number  of  these  pheno- 

2 
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meiia.    We  woold  ask  these  obeenrets,  whslher  the  mmna 
boieftlis  might  not  be  in  fone  measure  the  efieot  of  <Hie  of 
thoeeoptical  ittiisioas  of  wfaoch  we  hare  been  speakings  tu/: 
the  nurage  ?  and  whether  the  dreular  segment  be  not  the* 
image  <^  the  terrestrial  g^obe  itsdf,  repeated  in  the  noctur* 
nfd  atmosphere  ?    And  then  the  luminons  rays  which  ap*: 
pear  to  issue  from  this  doudy  sq^ment,  would  in  fact  issue 
from  the  earth  itBaI£    This  is  a  solution  which  we  submit 
to  the  examinadon  of  philosoiihers. 

Other  igneous  i^ienomena  vecal  us  towarda  die  aur. 
faee  of  the  earth.     We  know  that  animal  suhstances, 
in   a    state    of  putrefaction,    always   emit  phosphorus,; 
which,  taking  fire  firom  the  contact  of  the  atmo^here, 
produces  light  imd  wand^ng  flames.    Sudi  is  probably 
the  origin  of  those  ignes  Jatui^  which   flutter  at  night  Ignk  Fa. 
over  churdi-yards  and  fields  of  battle,  and  which  have  given  ^"^ 
rise  to  pretended  apparitions  of  sprits  in  chuidbes  where^ 
it  is  the  pemidous  custom  to  aceimiulate  the  remains  of  the; 
dead.    Hydrogen  gas  is  often  oomUned  with  phosphorus ; 
this  mixture  is  not  fit  for  resjaration ;  it  quickly  suffocates. 
This  is  also  a  circumstance  which  seems  to  enter  into  many 
histories  of  spirits  and  apparitions,  namely^  the  inflammable 
air  disengaged  from  marshes,  winch  is  hydrogen  gas  mix- 
ed  with  azotic.    The  air  which  inflames  on  the  surface  of 
certain  springs,  known  by  the  name  of  ImrmnffJimnUting^  Burmng 
arises  from  the  presence  c^hydnvphosphoric  gas,  or  as  it^^^'^^*^^ 
otherwise  termed,  phos^Auretted  hydrogira.    One  of  these 
springs  is  met  with  in  the  pari^  of  Saint  BartholiHnew,  in 
the  department  of  the  Isere.     The  disengagement  of  in- 
flammable gas  during  the  summer,  is  so  ocmsiderable,  that 
we  continually  see  a  flame  seven  feet  high ;  and  travellers, 
when  they  first  behold  it,  imagine  that  the  whole  village  is* 
on  fire®. 

Ignes  fatui,  arising  from  the  development  of  phos- 
l^ureted   hydrogen,   are  necessarily  soon  extinguished; 


*  Boavier,  JoanuX  de  la  M^idne  Ednreet  par  les  Scienoef  Fhyn^uesi 
tom.  Ui  No.  S. 
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a  suooeBaon  of 'these  fires  will  therefore  appear  to  the  i^pecr 
tator  to  be  one  angle  flame,  which  moves  with  n^pidity 
from  place  to  place,  when  we  attempt  to  approach  it.  The 
air,  driven  on  before  us,  forces  the  lambent  flame  to  recede  \ 
There  are  other  similar  fires,  wUch  appear  to  be  immoveable 
when  viewed  iiom  a  particulaf  spot  There  was  one  near 
Bettwick,  in  Sweden,  which  was  supposed  to  issueirom  the 
mouth  of  a  dragcm  that  kept  watch  over  some  hidden  trea- 
sures. A  simple  miner  ventured  to  sink  a  shaft,  which  diih 
coveied  a  cavern  filled  with  sulphurous  pyrites  and  petro- 
leum, the  combustion  of  which  had  occasioned  the  pheno- 
menon ^ 

Fatting,  or  $hootmg  stars,  are  appearances  every  where 
^^^^  observed.  They  are  pr6bably  the  effect  of  hydrogen  gas 
more  or  less  sulphureted,  for  phosphorus  is  too  rapidly  in- 
flamed, by  the  contact  of  the  ur,  to  be  capable  of  reach- 
ing so  great  an  elevation.  What  seems  to  prove  the  hydro- 
sulphuretied  ori^  of  these  meteors,  is  the  nature  of  the 
drcumstances  by  which  they  are  accompanied.  These 
fires,  we  are  assured,  often  fall  to  the  ground ;  and  nothing 
is  found  at  the  place  of  their  fall  but  a  fetid,  glutinous  mat- 
ter, of.  a  whitish  colour,  bordering  upon  yellow.  Now,  we 
know  that  sulphureted  hydrogen  gas  holds  sulphur  to  it  in 
solution ;  that  the  hydrogen  and  the  sulphur  does  not  bum 
at  the  same  moment ;  that,  consequently,  the  sulphurous 
part  may  be  precipitated  to  the  earth,  whilst  the  hydrogen, 
mixed  with  the  oxygen  of  the  air,  is  kindled  by  a  slight 
electric  spark. 

Fiie  of  St  ^^^  ^^''^^  ^^  Saint  Elmo  is  generally  considered  as  an 
£lino.  accumulation  of  electric  matter  around  a  point,  which  moves 
i^  the  air.  This  fire,  then,  may  be  expected  td  appear  fre- 
quently at. the  top  of  the  masts,  of  a  vessel  sailing  along 
with  rapidity.  The  ancients  observed  this  phenomenon. 
These  fires,  when  seen  in  pairs,  were  called  Co^^and  P6U 


'  Derham,  FhUosoph.  Transact  No.  411. 

*  Memoim  de  rAcadimie  de  SkDckholm,  1740.    Beiigm«n%  G4o^  Phja. 
ill  so. 
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lux ;  when  the  flame  was  tangle,  it  bore' the  name  of  Hekn. 
The  spears  of  an  army  often  appeared  ornamented  wit^ 
these  electrical  plumes  f.  A  Swedish  naturalist,  travelling 
•on  horseback  in  snowy  weather,  saw  his  fingers,  his  switch, 
and  the  earsof  his  horse  covered  with  a  fire  of  this  de- 
smption'. 

Globes  of  fire  present  a  spectacle  much  more  imposing  guams  of 
than  all  the  preceding  phenomena ;  they  are  seen  of  an  im-^^ 
mense  size ;  their  light  is  sometimes  red,  but  oftener  of  a 
vivid  and  dazzling  whiteness,  Uke  the  flame  of  zinc  mixed 
with  nitre :  they  move  with  the  rapidity  of -lightning,  and 
appear  to  belong  to  the  higher  regions  of  the  atmosphere, 
as  they  have  been  observed  at  the  same  time  in  places  very 
distant  from  one  another.  This,  however,  may  be  only  a 
continuation  of  their  rapid  flight,  sometimes  shooting  along 
at  the  rate  of  six  leagues  in  a  second.  We  see  them  ofleh 
in  the  space  of  a  few  seconds  appear  to  traverse  the  horizon, 
blaze  like  fire-works,  then  break  in  pieces,  or  discharge  tor- 
rents of  flames,  with  a  detonation  that  shakes  the  air  and 
the  earth  at  the  moment  of  their  explosion.  There  are 
some  which  are  precipitated  like  a  thunderbolt,  break 
through  the  roofs  of  houses,  destroy  animals,  and  dismast 
or  shatter  vessels.  At  other  times,  they  move  over  the 
earth  like  a  whirlwind  of  flame,  set  fire  to  trees,  devour,  o]^ 
at  least  overthrow,  every  thing  which  obstructs  their  course. 
They  are  occa^onally  accompanied  with  thunder.  Elec- 
tricity and  hydrogen,  perhaps  also  nitrous  gas,  seem  to  act 
here  an  important  part ;  but  the  appearance  of  these  phe- 
nomena is  so  momentary,  that  we  cannot  examine  them 
with  the  requisite  care.  It  is  only,  then,  on  hypothec, 
that  we  conader  the  stones  thrown  down  from  the  air  as 
the  kernels  of  those  little  comets  of  the  terrestrial  atmo- 


'  Homer,  Odyaaey,  n.  IdS.  Cieeio^  de  IMvinatione^  i  1&  Vug*  Geotg. 
i.  478.  Flmj,  Hist  Not  E.  cap.  37.  Seneea,  Qamt  Nat  1. 1.  CcMur, 
BdL  AiiieB,  6  Uv.  zxii.  1. 

>  Fonkady  dans  Bergmann,  Oeogc.  Fbyi.  §  130. 
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I       gfbexe ;  flus  hypoti»aiSf  faowefer,  possesM  a  coBiidenJble 
{XKrtion  of  pvobabflHy  ^ 

All  die  phenamaui  wbieh  we  have  j  urt  beto  oonsideikig, 
appear  attended  with  bri^taeas,  aad  eyen  with  noiae. 
Thene  is  one,  howerer,  whidi  presets  itself  to  our  notice) 
as  the  result  of  a  gentle,  inyiable,  and  noiseless  foice,  but 
which  is  diffused  over  ihe  whole  of  the  terrestrial  globe :  I 
Magnetifm.  allude  to  fnagneHsm.  This  phenomenon  is  very  littie  un> 
denstood  as  to  its  real  nature— «U  that  we  know  is  reduced 
to  this :  there  appears  to  exist  a  substance,  <«  force,  of  some 
land  or  other,  which  exercises  an  influenee  probably  over 
all  terrestrial  bodies,  but  which  is  chiefly  shewn  as  it  acts 
upon  the  ore  of  oxidiaed  iron,  called  loadstone.  These  sab- 
stances,  presented  to  each  other,  are  naturally  attracted  at 
fine  end,  and  mutuidly  repelled  at  the  other :  they  constant- 
ly turn  these  two  points,  in  which  thar  magnetic  action  is 
4X)ocentrated^  towards  the  two  poles  of  the  world :  they 
^onununioate  by  friction,  or  by  contact,  this  power  to  bars 
Magnetic  and  needles  of  iron,  or  rather  of  steel;  so  that  such  a  mag- 
^^^^  netic  needle  indicates  by  one  of  its  points  the  niNrth,  and  by 
the  other  south,  albwing  for  some  deviaticmi.  This  pheno- 
BMBion  of  die  directicm  of  loadstones  is  attempted  to  be  ex- 
plained by  supposing  that  the  globe  itself  is  a  great  load- 
stone, which  exercises  its  magnetic  force  upon  all  bodies 
inare  or  less  sennUy.  We  ahafl  not  oiter  upon  the  discus- 
nons  to  which  this  hypothesis  must  leid^ 

The  earth,  considered  as  a  great  magnet,  has  poles  and 
an  equator  different  irom  those  which  giT#  to  it  its  shape 
and  its  rotation.  It  is  this  which  shews  the  two  kinds  of 
devialion  observed  in  the  magnetic  needle. 


■>  See  Book  zL  p.  262. 

*  iEpiDiUyTentameii  Theona  Magneticst  lee  M^moiretde  Coulomb,  membre 
del'Iiutltut;  ccux  d'Euler,  dans  lei  M^moires  do  Berliii,  1751,  1755,  et 
tTSQ';  im  Mdn.  Svkdm»,ymo  tee  wsto  IfSO  ft  i7Sa»  sw^  U  imU  do 
VUke;  flio  TnnaetMOt  of  «!»  lloysl  Mb jBoiiely,  vid. it.  IMDn.  V«n 
Swinden,  M^oires  sur  TAnal^gie  de  Eleotiicito  ft  da  Miyiftjanfii 
Pbynque,  B§  720-..S32. 
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TliBf  detialfioih  c*  Ae  angle  that  the  a^ds  of  tlie  magif^- 
tic  needle  makes  with  the  meridian  of  m  plkce,  is  tetthed  its 
d€ittn«fbii.  It  is  eidker  west  or  east,  and  varies  m  diiffer- 
art  fians  of  the  glob^  ^  diflfetent  thnes  of  the  year,  and 
e^fm  at  chffisfem  hows  of  the  day.  These  dfaninutions  and 
augn^nlations  seian  to  vary  periodibaUy ;  and  the  variations 
a»e  very  eotfsidevabiie;  At  London  the  decfihaTibn  was  il 
Agrees,  15  nrinutes  east  in  I5«tl ;  m  1657  the  needle 
pointed  directly  north ;  in  1693  it  akeady  mdicafed  d  dei. 
gfem  of  western  declination ;  and  in  1799,  this  decfinatibn 
kieyeued  to*  *1  degrees.  In  1868,  there  was  none  at  Pa:, 
risi  iv  179B,  it  amounted  to  S2  degrees,  30  minutes  tc^ 
impds  Ae  west  We  find!  upon  the  globe*  a  number  of 
spDtSi  iff  which  there  is  no  dieclination ;  but  these  beJts 
wU^toui  dedmeikm  change  their  position  every  year.  We 
are  obfiged  to  revise  the  magnetic  maps  every  f  0  or  12 
j«ars; 

TfaecGumal'  oscillations  are  also  considerable.  Celsius 
observed  »  variation  of  ^  minutes  in  an  hour,  and  from  2 
to  7  minntes  in  tiie  S4I  hours.  The  experiments  of  Cassini, 
maxleat  Finis,  give  the  following  interesting  result.  From 
8  oVloek  in  the  morning,  until  ^  in  the  afternoon,  the  di. 
rectton  of  the  needle  approaches'  the  meridian ;  it  after- 
wards deviates  until  9  in  the  evening,  and  remains  station- 
ary during' the  nights  The  sum  of  the  osdllations  towardk 
the  west  exceeds  that  of  the  movements  in  acontraiy  di- 
rtetkm. 

The  inclmaikm  consists  in  this :  the  magnetic  needle.  Inclination 
which,  under  the  equator,  generaliy'supportsitself  in  a  ho-^^^^ 
rizontal  equiUbrium,  which  is  given  to  it  when  placed  on 
the  pivot,  deviates  from  its  horizontal  position,  as  it  ap- 
pBMefaies- the  poles;,  one  of  its  extsemitiiea  alwaysf^dqps  tt>- 
wiards  die  pole.  The  greatest  inoUnation  yet  mentioned  is 
that  of  8S  degrees,  observed  by  Fhipps,  in  the  latitude  of 
79  degrees,  44  minutes  north.  According  to  the  observa- 
tions of  M.  de  Humboldt,  the  intennty  of  the  magnetic 
forces,  and  above  all,  the  inclination  augments  as  we  go 
from  the  equator  to  the  poles,  whilst  the  aerial  traveller, 
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Gay  Lussac,  has  proved,  that  at  ^1,000  feet  above  us,  they 
were  the  same  as  upon  the  earth. 
Magnetic  The  circle  which  coincides  with  the  vertical  plane,  pass- 
"J°^  J  ing  through  the  direction  of  the  needle,  is  called  the  wiflg-- 
cquator.  fietic  meridiem :  the  points  where  all  these  meridians  would 
cut  each  other,  would  be  the  magnetic  pales  of  the  earth. 
A  great  circle,  upon  which  there  is  no  inclination  of  the 
needle,  will  be  the. magnetic  equator.  According  to  the 
philosophical  researches  of  the  celebrated  Biot  \  the  mag- 
netic equator  now  forms,  with  the  terrestrial  equator,  an 
angle  of  10  degrees,  58  minutes,  60  seconds;  its  western 
node  upon  the  terrestrial  equator  is  at  120  degrees,  2  mi- 
nutes, 2  seconds,  to  the  west  of  Paris,  that  is  to  say,  near 
the  Gallapago  Islands,  in  the  southern  sea ;  consequently, 
its  eastern  node  is  at  69  degrees,  67  minutes,  66  seconds, 
to  the  eastward  of  Paris,  in  the  Indian  sea.  The  magnetic 
equator  descends  to  the  southward  of  the  terrestrial  equa- 
tor in  the  Ethiopian  Ocean,  and  rises  to  the  northward  in 
the  great  Eastern  Ocean.  Thus,  a  northern  hemisphere 
projected  upon  the  magnetic  equator,  would  present  a  still 
greater  excess  of  land  upon  the  opposite  aquatic  hemi- 
sphere, than  a  northern  hemisphere,  already  projected  upon 
the  terrestrial  equator— a  circumstance  which,  joined  to  the 
magnetic  direction  of  several  chains  of  islands,  presents  to 
our  notice  the  great  agency  which  magnetism  has  exerted 
in  the  formation  of  the  globe. 

Having  endeavoured  to  explain  the  nature  and  opera- 
tions of  atmospheric  fluids,  let  us  proceed  to  consider  the 
a^tations  with  which  this  ocean  of  gases  and  vapours  is 
affected. 


k  Mkaxam  de  Humboldt  et  Blot,  tar  1m  VmuUmu  du  Magnitume  ter- 
KMtre  il  difi^rantet  latttudM.    Joiunal  de  Ffayn^pie,  Frimaize*  an.  xiii.  p. 
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Continuation  of  the  Theory  of  Geography.     Cff  the  'maoe- 
merits  peculiar  to  the  Atmoaphere,  or  of  Winds. 

Thi^  atmospbiere  experiences  agitations  which  displace  its 
particles  in  various  directions,  and  which  all  depend  on  a 
single  cause,  an  interruption  of  its  equiUibrium,  the  restora- 
tion  of  which  necessarily  takes  place  in  conformity  with  the 
laws  common  to  all  fluids.  A  change  in  the  temperature 
of  a  column  of  air,  the  transformation  of  a  portion  of  the 
atmoipheric  gases  into  water,  thdr  congelation,  in  a  ^<^^»2^^^^ 
whatever  causes  a  vacuum,  a  condensation,  an  expansion^ 
and  consequently  destroys  the  equilibrium  subsbting  among 
the  different  parts  of  the  atmosphere,  necessarily  produces 
the  rapid  displacement  of  a  mass  of  air,  that  is  to  say,  a 
wind*. 

The  velocity  of  winds  bang  the  circumstance  most  pal-^^^  ®^ 
poble  to  our  senses,  several  arlntrary  dencmiinations  have 

resulted  from  it,  the  prindpal  of  which  are  as  follows : 

♦ 

GcRife      «ifid,(abieeze,)oMUiattzaTene8l0feet  intseoood. 
JlfdNfemte —— (an  easy  gale,)         .  16 

Strong     —  (a  stiff  gale,)        .  84 

VMeni^    — .(asqiudl,)        .  35 

iSl^t        ...  43 

Stormy     i  Contiderdble^        .        .  49 

yVkietUs        .  .  64 

^'"^"^'**^ iOf  the  torrid  zone,        .         ISOtodOa 


•  IVAlflmbert,  Becbenlies  sm  le  eause  gen^nle  dee  ^ents ;  Paris,  1754. 
£>e  la  Coudiaye,  Th^orie  des  Vents  et  des  OndeSf  conramiie  k  CopcnIiagiiB,  en 
1786.  Halley,  Account  of  the  Trade- Winds  and  Monsoons^  in  the  FhUoso* 
phical  Transactions,  No.  183.  Forrest,  Treatise  on  the  Monsoons,  London^ 
17B3.  Dinipier»  Tz«ti  des  Vents. 
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The  direction  of  winds  is  not  designated,  like  that  of  mi». 
rine  currents,  by  the  point  of  the  compass  to  which  they 
tend,  but  by  the  point  from  which  they  come ;  thus,  a 
noriherhf  wind  is  directly  contrary  to  a  fwriherfy  curreni. 
Kinas  of  In  regard  to  duration,  winds  are  distinguished  as  tofu 
^"^"^  stainiaDd  variable;  in  regard  to  extent,  as  general  and 
parHai, 

Two  general  and  constant  movements  exist  in  the  atmo- 
sphere ;  the  one  prevails  in  the  torrid  zone,  and  carries  the 
air  westward  in  respect  of  the  earth,  in  a  direction  confimn- 
able  to  that  of  the  geatni  aHyveneiit  of  AeoeMU;  ifae 
other,  which  i&prim^Iiy  Itlt  ift  fhe  temperate  soHes^  cbbv 
sieB  Ae  palar  air  towgnfe  the  eqnaCor,  an^  by  ^Usfmaam 
pcoduces  two>  polar  curroila  of  effloxes^  sinslav  to  those  ak^ 
ready  poiKlcd  out  in  tbe  ocean* 

Oii^  of  ^^  "^^  ^^  ^^^  ^"^^  ^  equatorial  niovenenC  ef  thea€« 
<^*  •?■*«*  Bjocphtre ;  that  which  oeeasiom  tfie  frai^mnd^y  or  the 
cMMfant  east  wiod  whid^  blows  m  the  torrid  mne.  The 
prinwj  cause  of  those  winds  seems  ta  be  Ae  exponsioa 
which  the  air  undcrgott  fitnn  tile  action  of  heat;-  fev  t|e 
SUB  (which  we  suppose  t&  be  sitiiatedt  in  tiie  phme  of  the 
equator)  must  evidentiy,  by  its  heat,  rarefy  the  ooluamB 
of  air  boieatii  it,  and  raise  f  hem  above  tlnir  level,  fiom 
whiiiib  tiiay  must  of  necessity  tilher  be  diosipatedl  in  tite  eelen* 
tiaL  spaoey  or  riaking  again  by  their  winghC,  they  flaw  towavdb 
the  poles,  along  the  higher  parts  of  the  atmosphere.  At 
the  same  instant,  however,  a  freth  qnantitjr  of  air  must  ar« 
rive ;  proceeding  from  the  polar  re^ons,  it  comes  to  re- 
place the  air  which  has  been  rarefied  at  the  eq^tor*  Thus 
two  opposite  curreniB  of  air  will  be  formed;  one  in  the  high- 
er, another  in  the  tower  strata  of  the  atmo^here.  But  the 
real  velodty  impresaed  on  each  paatide  of  air,  being  caused 
by  the  earth'li  rotation,  must  be  smaller  the  nearer  that 
particle  is  to  the  poles ;  and  hence  the  circumpolar  air,  as 
it  advantts  UM«UBd8theef]piator,  andpcesfisvcs  fiora  time  its 
priautiivei^Mity,  nnist  levolve  mere  skiwhf  thas  the  eerres*^ 
pondbig  parts  of  the  earth ;  bodies  situated  at  the  eatth^s 
surface  will  therefore  strike  agwist  it  with  this  excesa.  of 


vdbcify,  aq^Soii^,  fiOB  ilB  i&actiaDy  a  ranstance  opposed 
tetheiFxataloffy  motioQ;  and  to  the  ttbaetveTf  who  iiaa* 
guies  himself  to  be  at  rest,  the  air  will  appear  to  move  in  a 
dinetiim  predady  contrary  to  that  of  the  rotation  of  the 
gkbe^  in.other  woid^  firom  east  to  west 

The  diffisvent  positions  of  the  sun»  at  different  seasons  of  Modifia. 
die  year,  will  produce  certain  modifications  in  those  ^tmo.^^^^^ 
spheric  nunrements.    We  shall  indicate  their  general  dba-easteriy 
meter.    When  the  sun  passes  to  the  north,  in  April,  May,  ^"^ 
and  Jon^  tfaeairof  our  hemisphere  is  proportionably  dila- 
ted, from  the  equator  to  the  polew    It  will  rise  therefin^ 
and  the  vmd  pioduaed  by  its  rarefieation,  in  the  lower  stnb. 
ta,  will  he  filled  by  a  polar  current*    At  this  season,  ac 
cfldBpgly,  we  shall  have  a  norih  wind ;  but  in  a  certain  la- 
titude, suppose  80^,  our  north  wind  will  ennaimter  the  go- 
neiad  east  wind;  if  they  meet  at  right  angles,  a  oompoond 
MoaveBnaat  will  result,  and  we  shall  have  a  north-east  wind. 
Ob  arriving  at  the  summer  solstice,  the  sun  will  warm  every 
part  of  the  northern  hemif^ere^  more  or  kss  conaderably ; 
the  heat  will  cc»tinue  for  a  certain  period  of  time;  and 
lienoe  in  July  and  August  we  diall  have  fewier  north-winds. 
But  our  luminary  retires ;  the  polar  air  is  cooled  and  com- 
denaedanew;  the  equatorial  atmosphoe  beccHnes  more  and 
moKe  dilated.    The  geaeral  north  wind  will,  therefore,  re- 
appear in  September  and  October.    It  will  go  on  increas- 
ing as  the  Sim  recedes  firom  us,  and  approaches  the  winter 
solstice.    There  will  he  a  limit,  at  whidi  the  condensatiai 
of  the  air  north  of  the  equator,  and  the  expanoon  of  the 
air  to  the  south  of  it,  mil  cease;  an  equilibrium  more 
or  leas  perfect  will  thea  reign  throughout  all  the  atmo- 

The  aame  phencan^oa*  in  a  contrary  or^r,  must  hi^ipen 
in  the  southern  hemisphere.  Over  all  the  globc^  therefore^ 
we  should  find  equatorial  and  polar  winds  of  regular  occur- 
rence^  if  those  general  movements  were  not  reabted  and  de- 
fieded  by  an  infinite  nundier  of  cauaea.  Similar  variations^ 
we  have  seep>  produce  an  influfflipft  on  the  cnneats  of  the 
ocean ;  and  the  atmoqphefe  being  incalcubly  more  subtle, 
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and  also  less  homogeneous  than  water,  we  cannot  wonder 
th^t  it  should  be  more  senable  to  the  smallest  impidse,  and 
more  liable  to  unexpected  changes. 
Oi^  of  The  inequalities  of  the  earth's  surface,  and  the  diversity 
^^1^  of  its  seals,  have,  no  doubt,  a  powerful  i^xfluenee  on  the  eon. 
stitution  of  the  atmosphere.  At  one  {dace,  mountaina  oo« 
vered  with  eternal  snow  arise,  and  prevent  the  air  fixnn  un- 
dergoing the  same  expansion  as  in  valleys ;'  at  another^ 
burning  sands,  forests,  marshes,  savannahs,  sre  spread. out^ 
and  exhale  various  inflammable  gases ;  at  a  thirty  we  ob- 
serve large  basihs  of  water  aavrounded  and  irregularly 
indented  by  land.  The  air  must,  therefore,  suffix  relative 
and  partial  condensations  and  expansions :  h^ioe  tfae'^fo- 
hreezcy  the  land-breeze^  the  mg»mtam''hreexe.  Those 
changes  too  will  occur  differently  in  summer  and  in  winter^ 
during  the  day  and  during  the  night.  Hence  the  morning  and 
the  evening  breezes,-T-those  aurae  matmakSi  those  zephyri^ 
whose  refreshing  breath  reanimates  us  in  the  warm  season. 
Sea  and         These  alternate  breezes  are  felt  at  very  high  latitudes,  a% 

land  biccz* .,  *       ^  .- 

ca.  for  example,  at  Bergen  in  Norway.    The  South  Sea  Is- 

lands, notwithstanding  their  small  circumference,  in  this 
manner,  during  day-time,  attract  the  general  east  wind^ 
which  is  thus  made  to  embrace  them,  as  it  wtfe^  on  every 
side,  and  to  blow  from  all  points  of  the  compass  towards 
the  central  summit  of  the  island.  When  night  aitives,  the 
air  flows  back  again  from  the  summit,  towards  the  sea  in 
every  direction.  This  observaticm  of  Forstor^i  throws  great 
light  on  the  theory  of  winds.  .  .  j 

In  the  last  place,  chains  of  mountains  may  arrest  winds 
in  the  lower  regions  of  the  dtmoi^here,  or  turn  them  from 
their  direct  path,  and  sometimes  give  them  m&te  im- 
petuosity, as  marine  currents  acquire  greater  force  in  the 
neighbourhood  of  straits  and  promontories.  Sudh  violent 
movements  of  the  air,  when  arrested  by  an  obstacle, 
have  ^ven  particular  notoriety  to  Cape  H<nii,  the  Cape  <^ 
Good  Hope,  and  the  South  Cape  of  Van  Diemen^s  Land, 
to  the  Strait  of  Bab-el«Mandel  in  Arabia,  and  the  Shigon's 
Mouth  in  America,  not  to  mention  others.  .;...>> 
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f  Exfaahtioiis  from  tlie  soil  impart  their  own  peculiar  qua-  vrmda  of  a       ^ 
Hties  to  ^ds.  Thus,  in  Arabia,  the  Si^  came,  much  ^^         ' 
nitrous  gas  along  with  it ;  the  Sarmattian  of  Guinea  much 
cxxjgen ;  the  Chamin  of  Egypt  much  azote. 
•   The  positions  of  the  moon  may  exercise  an  influence  on  Moon's  in- 
winds,  by  producing  a  sort  of  ebb  and  flow  in  the  atmo-  **"*^*' 
sphere ;  bilt  we  are  by  no  means  of  opinion,  that  the  imme- 
diate agency  of  the  lunar  attraction  can  excite  such  oscil-* 
hitions.    ThiS  immediate  agency,  in  so  subtle  a  fluid,  must  .     « 

be  altogether  transient,  and,  consequently,  its  effect  almost 
imperceptible.  The  phenomenon  appears  rather  to  be  caus^ 
ed  by  a  re-action  of  the  ocean  on  the  atmosphere.  In- 
deed, the  movements  of  the  sea  must  generally  have  an  im- 
portant influence  on  those  of  the  air.  It  is  chiefly  from  the 
bosom  of  the  sea  that  the  constituent  principles  of  our  at- 
mosphere are  unfolded ;  and  its  parts  must,  therefore,  have 
a  velocity  proportionate  to  that  of  the  aqueous  particles 
fiom  which  they  have  just  been  disengaged.  i 

Clouds,  by  interesting  or  conden^ng  the  sun^s  rays ; 
eommon  rain,  by  its  cooling  effect ;  vegetation,  by  absorb- 
ing great  quantities  of  air ;  the  decomposition  of  animal  and 
vegetable  substances,  may  all  contribute  to  the  formation 
of  local  winds. 

.  Hurricams  appear  to  have  *an  electric  origin.  At  the  Hurricanes, 
mcmient  when  the  electric  spark  unites  a  quantity  of  oxygen 
gas  with  a  quantity  of  hydrogen,  to  produce  a  rain-storm, 
in  all  probability  a  considerable  mass  of  hydrogen  is  con- 
sumed, and  thus  occasions  a  sudden  fall  of  rain  or  hail ;  by 
which  means  a  very  large  vacuum  is  formed,  and  the  am- 
bient air  rushes  into  it,  with  astonishing  rapidity,  and  some- 
times in  the  most  opposite  directions. 

The  Antilles,  the  Isle  of  France,  and  the  Isle  of  Reunion, 
the  kingdoms  of  Siam  and  China,  are  the  countries  in 
which  hurricanes  most  frequently  exercise .  their  ravages. 
The  hurricanes  of  Europe  are  not,  in  any  way,  to  be  com- 
pared with  those  of  countries  farther  to  the  south ;  gener- 
ally speaking,  the  former  ^are  nothing  more  than  whirlwinds 
occasioned  by  the  meeting  of  two  opposite  curretits.     But 
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m  a  real  hurricane,  all  the  efemenls  seem  to  ham  oonailniied 
and  armed  themsdves  for  the  destmcdcm  of  nature.  The 
lightnings  cross  each  other ;  the  thunder  roars  withoirt  in- 
terval ;  rain  falls  down  in  tonents.  The  velocity  of  the 
wind  far  exceeds  that  of  a  cannon  ball,  or  of  the  powder 
which  impds  it ;  growing  com,  vines,  sugar  canes,  foresttf 
and  houses^  every  thing  is  swept  away;  one  might  imagine 
the  ground  it  had  passed  over  was  cleared  and  levelled.  Itb^ 
gins  in  various  ways ;  sometimes  we  have  one  little  Uack 
cloud  appearing  on  the  summit  of  a  mountain;  attheinstant 
when  it  seems  to  settle  on  the  peak,  it  rushes  down  the 
declivity,  unrolls  itself,  dilates  and  covers  the  whole  hori- 
zon ;  at  other  times,  the  tempest  advances  in  the  sliape  of 
a  fire-coloured  cioud,  shewing  itself  suddenly  in  a  calm  and 

serene  sky  ^ 
Water'-  The  water  spout  or  st/phony  is  a  no  less  dangerous  j^e- 

mbrasT  Aomenon.  Syphons  are  distinguished  as  terrestrial  and 
marine ;  it  were  better  to  divide  them  into  air  sgfphons  and 
water  syphons.  The  latter  usually  occur  in  the  manner 
we  are  now  to  describe.  Underneath  a  dense  cloud,*  the 
sea  becomes  agitated  with  violent  commotions ;  the  waves 
dart  rapidly  towards  the  centre  of  the  agitated  mass  of  wa« 
ter ;  on  arriving  at  which,  they  are  dispersed  into  aqueous 
vapours,  and  rise,  whirling  round  in  a  spiral  directiou  to- 
wiurds  the  cloud.  This  conical  ascending  column  is  met 
by  another  descending  column,  which  leans  towards  the 
water,  and  joins  with  it  In  many  cases,  the  marine  co- 
lumn is  from  60  to  80  toises  in  diameter  near  its  base ; 
both  columns,  however,  diminish  towards  the  middle  where 
theyiinite;  so  that  here  they  do  not  extend  more  than 
three  or  four  feet  in  diameter.  The  entire  column  pre- 
sents itself  in  the  shape  of  a  hollow  cylfnder,  or  tube  of 
^ass  empty  witliin.  It  glides  over  the  sea  without  any  wind 
being  felt ;  indeed  several  have  been  seen  at  once  following 
different  directions.     When  the  cloud  and  the  marine  base 


^  Voigt,  Magadn  de  Phynque,  yiL  36—40,  (in  Germ.)    Comp.  Ejicy. 
dop^e  M^tfaodique  Marine,  tome  iii.  pertie  Sd,  p.  SIS,  ff  «f9. 
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of  ^  TOteivffj^oitt  move  mUk  unequal  veloeideSy  ike  lower 
oone  ia  often  seen  to  incKne  sidevays,  or  e^en  to  bend^  and 
fioaUjr  to  burst  in  {neeet.  A  »Mee  is  then  heud  like  that 
oitL  calMneet  fidling  in  a  deep  valley.  L%htning  frequenU 
Ij  tMues  from  the  Terjr  faofioni  of  the  vaternspouty  particu- 
torif  when  it  bneeks;  but  no  thimder  is  erer  heafd  ^. 

Pfailaeephen  espkiatfab  phenomenoii  in  the  following  Origin  of 
manner :  Two  winds  meet ;  a  vortex  ensues ;  any  cloud  ^'**®f" 
mhifh  happens  to  lie  betireeii  them  b  oondeased  into  a 


cowcal  £an99  and  turned  round  with  great  velocity.  This 
intitfaon  impresses  all  the  particiies  of  the  cloud  with  a  cen- 
tilfugallbvoe;  Ibeyare  driven  towaids  the  Ulterior  sur* 
£bco%  a  vacuum  is  produced  within,  about  the  axis  of  the 
eone  ;  water  or  any  other  body  lying  beneath  thb  vacuum^ 
is  earned  into  it  by  the  cffisct  of  gravity  striving  to  re^^es- 
taUish  an  equilibrisrai. 

Having  eonsidered  die  genend  and  the  modifying  causes 
of  windst  1^  us  now  trace,  with  greater  minuteness,  such  of 
diose  atnosphmcal  movements  as,  by  dieir  regularity  and 
extekivie  ooeurrence,  aie  most  important  to  geography. 

In  die  Adande  Ocean,  the  general  east  or  trade-wind  Trade-wind 
pKvails  up  to  die  82d  or  the  28th  degree  dT  nt^h  lati^i^uj^^  Ocean. 
tude,  aoeoiding  as  the  mm  b  in  this  or  the  oth^  hemi* 
4qphere.  On  the  nordi^ast  coasts  of  America,  the  trade- 
winds  extend  as  far  as  40  degrees ;  a  fact  evidendy  shew- 
ing that  eurrents  in  the  atmosphere,  like  currents  in  the 
neean,  gnow  broader  as  they  proceed :  while,  oa  the  other 
band,  die  east  winds,  like  the  westerly  movement  of  the 
«cean,  do  not  begin  to  produce  a  vigorous  effect,,  till  they 
hwre  readied  a  certain  distance  frcmi  the  eastern  continent, 
dieir  point  of  departure.  The  same  peculiarity  occurs  in 
diue  Ethiopian  Ocean,  where  the  east  wind  extends,  in  like 
naouer,  soma  degrees  fartfaor  on  the  coast  of  firaadl,  than 
the  Cape  of  Good  Hope.    As  those  east  winds  always 


*  Voyages  of  Dampier,  Th^venot,  Le  Gentil,  ftc  £n^cIop6die  M^qd. 
Marine,  temtitt.  partie  Bd,  p.  19  U  Fontec,  ObaonratioDs  on  Fhydcal  Geo- 
grapbj,  p.  9S,  (in  Germ.) 
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receive  the  impulse  of  the  two  polar  atmospheric  currents, 
at  an  angle  approaching  more  or  less  to  a  right  angle,  they 
change  intofWfih'^iut  in  the  northern  hemisphere,  and  soiM- 
east  in  the  southern  hemisphere.  But  on  approaching  the 
coasts  of  America,  the  general  east  wind  resumes  its  force, 
overcomes  the  effect  of  the  polar  currents,  and  foDows  its 
own  direction  from  east  to  west,  irith  more  or  less  exact- 
ness. 

^"g^oF     ^^  *®  ^^^***^  ^^  Guinea,  particularly  from  Sierra  Leone 
Gtiineg.      to  the  Isle  of  St  Stephen,  south  and  south-west  winds  pre- 
vail over  an  extent  of  £00  leagues  of  shore.     They  turn 
more  to  the  south-west  and  west,  as  we  approach  the 
land.     If  to  this  circumstance  be  added  the  fact,  that,  in 
Guinea,  there  sometimes  occurs  an  east  wind  of  extreme 
violence,  it  appears  natural  to  regard  those  two  movements 
as  having  a  direct  connexion ;  and  the  south  and  south- 
west winds  will  thus  be  nothing  more  than  partial  cur- 
rents of  the  general  trade-wind,  attracted  to  the  vast  conti- 
nent of  Africa,  where  the  air  is  prodigiously  rarefied  by 
means  of  the  solar  rays  reflected  from  its  burning  sands. 
But  as  the  general  trade*windmust,  notwithstanding,  some- 
times produce  its  effect  in  the  interior  of  that  continent, 
those  great  masses  of  air,  accumulatied  and  condensed  cm 
the  central  platform  of  Africa,  will  now  and  tiien  make  vio- 
lent eruptions. 
Resell  of       On  the  confines  of  the  two  trade-winds,  in  the  western 
*"^™*        ocean,  between  the  4th  and  10th  degrees  of  north  latitude, 
and  the  SdOth  and  365tii  of  lon^tude  (from  Ferro,)  there 
is  a  space  of  sea  where  navigators  find  perpetual  calms,  ac- 
companied by  a  suffocating  heat,  by  thunder-storms  and 
dreadful  lightning,  with  rains  so  frequent  and  so  copious^ 
that  this  tract  has  been  called  the  rainy  sea.  '  The  digbt 
winds  that  occur  here  are  but  sudden  squalls,  of  short 
duration  and  little  extent ;  so  that  sometimes  every  hour 
affi>rds  a  different  wind,  which  degenerates  into  a  calm  be- 
fore another  succeeds  it 

Calms  prevail  equally  about  the  common  limits  of  the 
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tnade^mnds  and  variable  winds;  but,  in  these  catosi  they 

are  soon  destroyed  by  blasts  and  tomadoesi  Tonudoet. 

It  is  from  observing  this  habitual  condition  of  the  atmo- 
sphere, that  fixed  methods  have  been  laid  down  for  sailing 
to  and  from  the  continent  of  America.  In  the  first  tiase,  a 
navigator  always  endeavours  to  get  southward  to  a  latitude 
near  the  tropic,  because  in  that  quarter  he  is  sure  of  find« 
ing  a  fresh  easterly  or  north-easterly  wind,  which ^  joined  to 
the  prevailing  current,  will  rapidly  drive  him  towards  the 
American  coast  For  returning  to  Europe,  he  endeavours 
to  reach  at  least  the  SOth  degree  of  latitude ;  because  it  is 
here  that  the  winds  first  become  variable^  though  still  more 
frequently  they  blow  from  south-west 

In  the  Great  Ocean,  or  Pacific  Sea,  we  again  find  theTnde- 
general  movement  of  the  atmosphere  from  east  to  west,  ^O'jJ'^^J^- 
dified  by  the  two  polar  currents.  The  vast  extent  of  this 
sea  allows  the  atmosphere  to  unfold  its  natural  movements 
in  a  regular  manner.  The  north-east  and  the  south-east 
winds  are  here  so  steady  and  strong,  that,  if  at  Panama,  in 
place  of  an  isthmus^  there  were  a  strait,  the  voyage  to 
China  would  be  accomplished  much  sooner  by  sailing  west- 
ward than  by  suling  eastward.  As  those  movements  set 
out  from  America  and  the  Andes  mountain-chain,  they  are 
more  feeble  and  circumscribed  on  the  coast  of  America, 
where  they  begin,  than  near  or  even  within  the  tropics.  On 
the  opporite  coasts  of  Asia  and  the  re^ons  to  the  south, 
they  ext^id  as  far  as  the  fortieth  parallel  In  sailing  from 
*  Acapulco  to  the  Philippines,  the  Spaniards  simply  allow 
themselves  to  be  carried  forward  by  the  winds  and  cur- 
rents, which  drive  them  in  a  straight  line,  and  very  speed- 
ily, to  their  place  of  destination ;  and  this  is  the  reason 
why,  though  navigating  that  ocean  so  long,  they  have  dis* 
covered  so  very  few  of  those  southern  regions,  from  which 
they  were  frequently  at  no  great  distance.  In  returning 
to  Mexico,  they  ascend  as  far  as  Japan,  and  then  direct 
their  course  to  the  north-west  coast  of  California.  This 
great  extent  of  the  trade-winds  must  be  attributed  to  the 
weakness  of  the  polar  currents,  aerial  as  well  as  marine ; 
voi#  I.  9  c 
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irMte  it  is  the  superior  kremglh  of  Ae  SMith  polar  ourfisBto 
which  causes  south  wuids  to  prevail  aloi^  the  coast  o( 
Pcra« 
Monsooiu,      It  is  in  the  Indian  Ctoean  almedMtthefiDnoi]sft»mnm#, 

?y*ld^rrf  ^  ^^^  y^^^y  "^^^9  «®6"'  ^  destroy  tke  imiformity  of  the 
India.  general  atmospheric  movem^t  No  doubt,  however,  they 
Bught  be  nade  to  accerd  with  it,  provided  we  know  all  the 
drcuBMitaiices  which  influence  them.  We  exhibit  the  facts 
in  the  first  place,  Ptook  the  lOlh  degree  of  south  latitude 
to  the  tropic  of  Capricorn,  and  b^ond  it,  the  general  east 
or  south-east  trade  wind  prevails  over  ail  the  Indian  Ocean, 
sometimes  in  summer  extending  as  far  as  the  Sd  and  8d 
degrees  of  south  latitude;  On  this  ^de  the  10th  degree, 
we  first  meet  with  the  moMoons  ^  or  periodical  half  yearly 
winds.  North  of  the  equator,  from  April  to  Octobar,  a 
violent  south'-wgst  wind  prevails,  accompanied  with  tern 
pests,  storms,  and  rain ;  while  a  soft  and  pleasant  north*eaH 
wind  blows  during  the  other  nx  months.  Between  the 
second  and  twelfth  parallels  of  south  latitude,  the  winds 
blow  generally  from  north^wesi  during  the  winter  six 
months,  from  south-west  in  summer  ^ 
:  During  winter,  then,  the  constitution  of  the  atmosphere 
exhibits  the  following  principal  circumstances :  North-east 
winds  north  of  the  line ;  north-west  winds  south  of  it,  to 
the  10th  parallel ;  and  finally,  the  east  and  south-east  trader 
ivinds.  In  tummer^  the  phenomeiui  are  less  contradictory: 
-South-west  winds  from  the  10th  parallel  to  the  northern 
limits ;  trade-winds  south  of  the  10th  parallel. 
Varieties  in  These  general  tendencies  are  subject  to  variation^  de- 
the  Mon-  pending  on  the  figure  and  elevation  of  coasts,  on  straits, 
and  currents  of  the  sea*  The  north-west  and  south^-we^ 
monsoons  are  weaker  and  more  variable  in  the  Bay  of  Ben« 
gal,  more  steady  and  violent  in  the  gulf  of  Arabia.  Both 
those  monsoons  grow  broader  to  the  west,  rangic^  in  this 
direction  over  the  whole  tract  of  sea  that  lies  between  A& 


'  From  a  Malay  word,  moussin,  si^ifying  scasan. 

•  Moore's  Practical  Navigation,  12th  edit.  London,  1T9S,  p.  124,  etseq. 
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j^  and  Mild^gws^  Zq  die  «i^  f^^t^fidiog  betwe^ 
Cfaina,  tlie  l$:ii9gdoia  pf  Siwoo,  Sawi^ti^^  aod  the  ^quj^l^ 
those  monsoons  are  felt  likewise ;  but  here,  ^^^P^il^  locti 
ywAaiiQU^y  ^i^  ^T&  a^lmpst  eotirely  ni>rth  anfl  ^otit^.  They 
extend  9«  £u:  ^  the  Phi|ippin^  I^Mf^d^,  ap4  th^H^  vith 
piuch  iacQQstancjy  even  tp  Japan.  Betw^ep  the  equa^, 
(be  island  o£  Java,  ^  New  Guineai  the  ipoi^soo^s  are 
nearly  similar  to  those  of  the  Chinese  Sea,  in  regard  to  their 
directippi  which  merely  yari.es  a  little  to  the  norths  west  in 
the  north  n^onsoop,  and  a  little  to  the  south'^west  in  the 
aoutb  monsoon.  But  tb^  dp  not  hfigai  till  six  week9  9ft/^ 
those  of  the  Chinese  S^ias. 

.  Some  other  striking  circumstances  still  remain  to  be  00^  How  the 
ticed.  The  monsoons  do  not  change,  or,  as  s^lors  exprefs  ^^^^'^ 
it,  do  sot  break,  of  a  sudden.  Their  change,  whUii  usual- 
ly takes  place  fifteen  days  or  jfour  weeks  after  the  equinoxes^ 
is  announced  by  the  decay  of  the  existing  monsoon,  by 
cahns  and  squalls  in  rapid  suceessioi),  by  storms,  water- 
spouts, tornadoes,  and  by  Indian  hurricanes,  called  tai/bum^ 
particularly  terrible  from  the  explosions  of  electric  matter 
accumulated  by  the  monsoour  The  beginnings  of  the  subse- 
quent monsoon  are,  alt  first,  liable  to  variations,  tiU  Anally 
it  establishes  an  absolute  dominion. 

Navigators  assert,  that,  on  quitting  the  region  where  a  DouUe 
monsoon  prevmls,  ooe  is  sure,  in  ordinary  circumstances,  i^^^^^ 
fall  in  with  a  very  strong  aad  impetuous  wind,  blowing 
from  a  quarter  directly  opposite.  Th^  niust  naturally 
have  observed  this  phenomenon  with  much  care,  since  the 
calms  and  whirlwinds  it  occasions  are  productiveof  great  dag- 
ger. It  can  hardly  be  explained,  except  by  admitting,  with 
Halley,  the  existence  of  two  currents,— <me  above,  compos 
ed  of  warm  and  rarified  air ;  another  below,  composed  of  the 
column  of  cold  and  condensed  air.  This  hypothesis  will  be- 
come almost  a  settled  truth,  if  we  observe  how  small  is  the 
elevation  to  which  the  monsoon  extends—^  fact  clearly  ex- 
hibited in  the  peninsula  on  this  side  the  Ganges,  where  the 
monsoons  are  arrested  for  several  months  by  tbe  mountain 
chain  of  the  Gauts,  (not  certainly  of  extraordinary  height;) 
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SO  that  the  coast  of  Coromandel,  and  that  of  Malabar,  have 
always  their  dry  and  their  riuny  seasons,  at  opposite  pe- 
riods of  the  year. 

According  to  the  preceding  description,  it  is  the  souths 
west  ffumseon  alone  which  presents  any  phenomena  direct- 
ly contrary  to  the  general  moyement  of  the  atmosphere ; 
for  the  north-east  monsoon  is  in  conformity  with  it,  and 
the  north-west  wind  south  of  the  line  seems  not  to  be  alto- 
gether constant,  and  may  perhaps  arise  from  nothing  more 
than  a  compound  movement,  or  a  higher  current  of  idr. 
What  then  is  the  origin  of  this  half-yearly  wind,  which  in 
summer  blows  from  south  and  south-west,  over  all  the  In- 
dian ocean  ?     The  sagacity  of  phydcal  geographers  ^  has 
long  been  exercised  by  this  question.     We  ^ve  the  expla- 
nation of  which  Halley  Isii  the  ground-work,  and  which  ap- 
pears  to  us  the  most  plausible. 
General  ex-     The  monsoons  always  change  some  time  after  the  equi- 
^^on-     "^^^s  i  ^^®y  constantly  blow  towards  that  hemisphere  in 
100118.         which  the  sun  is  found.     The  action  of  this  luminary  on 
the  atmosphere,  is,  therefore,  plainly  one  of  their  causes. 
When  its  rays,  reflected  from  the  mountains  of  Thibet, 
scorching  the  plains  of  Bengal,  and  the  valleys  of  the  king- 
dom of  Siam,  rarefy   and  dissipate  the  atmosphere,  the 
cold  air  becomes  violently  attracted  from  the  regions  about 
the  south  pole.'    The  sun^s  action  is  seconded  by  the  ma- 
rine current,  which  proceeds  from    the   south  polar  seas 
to  those  of  India.     This  current  must  bring  with   it  a 
column  of  vapours,   continually  disengaging  themselves 
from  its  surface.     The  absence  of  a  northern  marine  cur- 
rent must  farther  be  added ;  we  can  even  imagine,  that  the 
mountains  of  Thibet,  and  the  whole  central  platform  of 
Asaa,  may  arrest  and  preserve  the  cold  air,  which  would 
otherwise  proceed  from  Siberia-towards  India. 

But  why  does  not  this  polar  wind  prev^l  south  of  the 
equator  also?     For  the  same  reason  which  renders   the 

'  Deluc,  Modifications  de  rAtmosphere,  No.  730.    Miischenbroek,  Essal 
de  Fbjsique,  xi.  879 
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aquatic  polar  current  inconsiderable  there.'  The  general 
movenient  of  the  ocean  being  here  opposed  by  no  obstacle, 
has  too  much  force  to  be  modified  by  the  polar  current.  A 
fflmilar  result  happens  in  the  atmosphere,  at  all  times  inti- 
mately connected  with  the  ocean,  which  feeds  and  modifies 
it.  But  on  leaving  New  Holland  between  us  and  the  Fa- 
cnfic  Ocean,  the  general  movement  of  the  Indian  sea  must 
evidently  be  more  and  more  abandoned  to  its  individual 
force,  and  that  force  must  soon  be  overcome  by  the  polar 
current,  which,  after  being  long  deflected  or  concealed  by 
the  general  movement  of  the  ocean,  now.  re-appears  in  all 
its  energy.  The  polar  column  of  water  now  fills  the  at- 
mosphere with  cold  particles,  which,  by  their  gravity,  de- 
termine the  whole  atmospheric  mass  to  flow  towards  the 
equator,  more  strongly  and  more  directly  than  it  would  have 
flowed  otherwise.  It  is  possible,  moreover,  that  higher 
currents  may  exist  in  the  atmosphere,  and  descend  to- 
wards the  earth  at  the  time  when  the  monsoons  com- 
mence. 

On  the  west  side,  the  mountains  of  Lupata  in  Africa,  Explana- 
and  those  of  Madagascar,  may,  or  rather  must  concur  in  ^^  ^' 
furnishing  their  cloudy  and  stormy  air  to  the  sout]i-west  cunutances. 
monsoon,  which,    from  this  circumstance,    begins  here, 
in  the  channel  of  Mozambique.     It  is  possible  that  moun- 
tains in  the  interior  of  New  Holland  may  exert  a.  similar 
influence  on  the  east  side. 

When  the  sun  has  passed  into  the  southern  hemisphere, 
the  monsoon  alters  its  direction ;  the  mass  of  air  which  had 
been  accumulated  during  summer  on  the  central  platform 
of  Asia,  now  bestirs  itself,  and  moves  towards  the  regions 
south  of  the  equator,  where  the  atmosphere  has  been  dilated 
and  dissipated  by  the  solar  heat.  Over  most  part  of  the 
Indian  ocean,  this  monsoon  proceeds  from  the  north-east, 
because  the  central  platform  lies  to  the  north-east.  On  the 
other  hand,  as  the  seas  of  China,  of  Borneo,  of  New  Gui« 
nea,  qf  Java,  have  the  centre  of  A^a  to  the  north  and 
north-west,  the  monsoon  comes  to  them  from  those  points. 
It  arrives  in  a  slow  progression,  in  consequence  of  the  many 
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idafids  wbose  elevated  6inii9Dits  nrrest  and  ivstA  k  «fiide 
Tfa«  horth-east  numsocm  is  tuikl  sad  agreeable^  b^ktauaedie 
fliass  ^f  aif)  ccsidensed  Dd  the  centrai  ^tforai  of  Asm  Amt^ 
Hig  somitier,  having  origioaliy  passed  through  die  turrid 
coiie,  and  afterwards  remaiaed  exposed  to  the  6aii''8  action 
about  the  time  of  solstice,  it  had  tbereb j  lost  the  ctiid  and 
di6  doudiciess  which  oUaelrwise  it  might  hare  aeqai»d  fnitn 
eotitaet  with  the  Sifaeriaii  atmoqihere.  It  fieeilis  possible 
that  this  north-east  ixionBOon  may  fidl  in  widi  a  rem&aat  of 
the  preceding  monsoon^  about  the  second  or  third  degree  of 
'  south  latitude ;  a  remnant,  which  is  perhaps  malotaiiMd  in 
existence  by  the  mountains  of  Afrioa,  IitadagBScar,and  Ne^ 
Holland^  since  the  cold  air  of  those  mountains  is  not  solicit* 
0d  to  Bow  towards  the  south  pde,  and  has  no  outlet  but  to^ 
wards  the  equator.  From  this  dii«ct  rencounter  of  the  old 
and  the  hew  monsoon,  a  compound  ifiovtement  Would  re« 
'  suit,  which  might  produce  those  north.#est  winds  so  com-' 
mon  between  the  equator  and  the  tenth  southern  parallel^ 
during  the  whole  continuance  of  the  north-east  monsoon. 

Both  monaoosMs  ai^  more  powerful  in  the  Aral»<i  Giklf, 

because  this  strmt  and  shallow  piece  of  water  has  no  cur« 

rents  jp  it  but  such  as  are  superficial,  and  tfa^efore  unabia 

to  resist  the  action  of  the  winds. 

General         ^U  the  irregularities  displayed  by  winds  pertaining  to  a 

pou  usion.  pj^i^  ^j.  ^  j.^iQjj  q(  tjj^  globe,  are  thus  nothing  more  than 

combined  effects  resulting  from  the  general  atmospherie 
jcurrents,  from  partial  interruptions  of  diem,  from  the  sun*s 
apparent  motion,  and  the  arrangement  of  mountains 

The  reader  who  has  followed  us  through  those  wide  but 

indti^ensable  details,  may  perhaps  desiDre  that  we  should 

recompense  him  by  again  pourtraying  the  useftil  or  agrees 

able  e&cts,  of  which  the  winds,  whose  paths  we  have  juift 

been  tracings  are  productive.     Shall  we  stop  to  repeat  ob- 

Utiiity  andservations  so  familiar  ?  The  winds,  it  is  well  icnowli,  purify 

Settved"     owr  atmosphere, by Iceeping  up  a  perpetual  agitation  in  it; 

from  winds.  |;})^y  dissipate  the  miasmata  exhaled  fiom  marshes  and 

stagnant  water ;  they  raise  and  tran^rt  the  clouds  defr- 

f ifned  to  fertfliKe  the  ground  by  m^aps  <jf  rain.    MiUipna 
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of  seeds,  furnished  with  their  little  pinions,  ride  upon  the 
wings  of  the  wind,  and  spread  afar  the  empire  of  vegeta- 
tion.  The  ingenuity  of  man  has  made  a  lever  of  the  winds, 
which,  when  applied  to  machinery,  spares  him  an  immens- 
ity of  toil.  If  the  ocean  is  the  highway  of  our  globe,  winds 
are  the  indefatigable  coursers  which  rapidly  transport  our 
ships  from  pole  to  pole.  Considering  winds  merely  in  a 
picturesque  point  of  view,  how  many  enjoyments  do  they 
pnumve  lo  a  lover  of  tlie  great  epeetacle  of  nature*— above 
aily  k)  the  inhahataot  of  mountains  1  Sometimes  they  spread 
over  every  valley  a  curtain  of  clouds,  which  shews  Ae 
summits  of  the  far  distant  Alps  like  so  many  islands 
scattered  on  ihe  surface  of  an  ocean ;  sometimes  partially 
drawing  this  curtain  Aside,  thejr  opean  to  us  all  at  once  the 
naost  astonisliii^  pnsspeofcs,  in  which  tibe  brightest  sunshine 
forms  a  happy  contiast  with  the  contiguous  shades.  It  is  * 
to  stoims  of  wind,  that  the  punter  and  the  traveller  am 
inddbfted  for  the  most  extraordinary  scenes  which  can  meet ' 
their  view.  In  the  evenings  of  summer,  and  stUl  mare  of 
antunii,  it  is  the  winds  which,  accumulating  and  marshal-* 
ling  their  long  trains  of  clouds,  create  and  destroy  before 
us  those  furtive  landscapes,  those  aerial  mountains,  which 
ajw  tinged  by  the  fires  of  the  setting  sun.  « 

The  atiBospheire  undergoes  various  other  modificatbnB 
in  Jespect  of  its  Local  temperature,  or  of  physical  cUmate. 
They  wHl  form  the  subject  of  omr  next  book. 
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BOOK  XVII. 


Oontmuation  of  the  Theory  of  Geography.  Of  the  Lo^ 
cal  Temperaiure  cfthe  Atmosphere j  or  of  Physical  Clu 
mates. 

In  no  department  of,  geography  have  authority. and  pre- 
conceived opinions  been  permitted  to  prevail  more  generally 
than  in  that  which  treats  of  the  causes  of  phydcal  dimates. 
The  sun  was  long  conudered  as  the  only  source  of.  those . 
varieties  of  temperature  which  we.  experience  in  the  differ-r 
lent  re^ons  of  the  earth.     The  influence  ascribed  to  winds 
was  determined  only  according  to  some  local  observations 
which  had  been  made  by  Hippocrates  in  Greece,  or  in  the 
neighbouring  countries.     That  this  branch  of  physics  may . 
be  thoroughly  investigated,  it  is  requisite  for  civilized  n£i-. 
tions  n^only  to  dispatch  travellers  to  the. neighbourhood  of. 
the  poles  and  the  equator,  but  aloo  to  form  permanent  es- 
tablishments in  these  quarters  of  the  globe.     It  is  by  unit* 
ing  together  and  arranging,  under  general  points  of  view, 
the  results  of  particular  local  observations,  that  we  shall 
endeavour  to  trace  a  sketch  of  climatology^  in  some  measure 
corresponding  to  the  present  state  of  the  other  sciences. 
Fhyslcal         Physical  climate  comprehends  the  degree  of  heat  and 
dimate.      ^^jj^  ^^  drought,  the  humidity,  and  the  salubrity,  which 

occur  in  any  given  region  of  the  earth, 
m  causes*       The  causes  of  physical  climate  are  nine  in  number : 

1^^,  The  action  of  ihe  sun  upon  the  atmosphere.     Zd^ 
The  interior  temperature  of  the  globe.     3d,  The  elevation 
♦   pf  the  earth  above  the  level  of  the  ocean.     4^A,  The  gene- 
ral inclination  of  the  surface,  and  its  local  exposure.     &th^ 
The  position  of  its  mountfiins  relatively  tp  the  cardinal 
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points  CMA,  The  neighbourhood  of  ^eat  seas,  and  their 
relative  situation.  7ihf  The  geological  nature  of  the  soil. 
8ihj  The  degree  of  cultivation  and  of  population  at  which 
a  country  has  arrived.     9ihy  The  prevalent  winds. 

The  air  does  not  appear  to  •  acquire  immediately,  by  the 
passage  of  the  solar  rays,  a  considerable  degree  of  heat.  It 
is  this  which  proves  the  successive  coldness  of  the  diflferent 
strata  of  air  which  is  observed  upon  all  mountains  \ 

The  distinction  between  ^^n#idfe  A^a^,  which  warms  the  Sensible 
particles,  and  laient  heat,  which  only  dilates  them^  ^^^l^^^t.^^"^ 
us  imagine  that  the  superior  air,  more  disengaged  from  va- 
pours, and  less  compressed,  must  allow  the  calori^c  rays  to 
pass  more  freely ;  and  that,  on  the  contrary,  the  more  the 
air  is  condensed,  the  more  will  the  rays  be  stopped  in  their 
course,  and  repelled,  f and  reflected ;  in  various  directions 
the  shook  of  the  two  fluids  will  thus  be  more  forcible ;  and 
it  is  probably  asinnlar  shock  that  causes  the  disengagement  ^ 
of  latent  caloric,  which  is  the  principal  cause  of  the  senn- 
ble  heat  of  our  atmosphere. 

But  what  chiefly  contributes  to  warm  the  lower  regions  Reflection 
of  the  air,  is  the  reflection  of  the  rays  which  strike  against  ^^^^ 
the  ground,  and  which,  thrown  back  again  towards  the  at* 
mosphere,  stop  in  the  inferior  part  of  it,  and  are  confined 
in  the  midst  of  the  watery  vapours  with  which  it  is  loaded. 
This  reflection  necessarily  accumulates  the  heat  in  the  re- 
gions nearest  to  the  surface  of  the  earth.  We  cannot  here 
explain  the  theory  of  caloric  considered  as  a  radiant  body, 
a  theory  which  has  been  recently  developed  ^ ;  but  it  is 
sufficient  for  our  purpose  to  observe  that  extraordinary  de- 
gree of  heat  which  often  exists  on  two  sides  of  the  same 
mountain,  whilst  the  neighbouring  plain  is  but  moderately  ' 

warmed. 

The  degree  of  immediate  solar  heat  is  determined  by 


•  Ddnc,  Modifieatknu  de  TAtnuMphere,  iL  §  797,  tqq. 

*>  Laplace  et  LaT(nsier,  Memoire  sar  le  Caloiique  latent,  dans  les  Memoires 
de  r Academic  des  Sciences,  1780,  p.  388. 

•  PieTosty  Tb^oiie  du  caloriqne  zayonpant,  Geneve,  1809. 
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f(Mur  causes'^.    Hie  first  is  the  dtstioice  of  the  suafrovi  tb^ 
eartb.     If  we  take  the  mean  didtai^oe  eq[udl  to  lO^OO^, 
the  dtsUmcie  at  tbe  summer  solstbe  ia  equal  to  10^1^  aAii. 
at  the  win  to*  solstice  to  0»8S4;  the  proportioQ  is  nearly. 
as  30  to  29.    Tbe  quaatky  of  rays  fallisqg  upon  the  same 
jdane,  being  iaverselj  as  the  squares  o(  tbe  distances^  tbeir- 
proportion  will  be  as  8ii  to  900,  <)r  as  1  U>  If^.     Thus  tb^ 
quantity  of  sdar  rays  wbieh  the  globe  reoeiyes  in  wiater  ia 
greater  than  that  which  it  reoeiTes  ia  auiomer.     Tbe  second 
cause  which  we  haye  to  consider  is  tbe  direction  n»ore  or- 
less  oblique^  in  which  the  rays  strike  tbe  eaitb»  sad  whicb 
depends  upon  the  haght  of  the  sun  in  tbe  ecliptic.     Tbe 
more  directly  tbe  rays  fall  the  moare  force  they  have,  andj 
at  the  same  time^  tbe  grealier  is  the  number  fikHing  upon  a. 
given  space. 

Fatio,  in  considering  tbe  perpendicularity  of  tbe  rays,, 
which  gives  them  a  great  focce,  oomputes,  that,  inde|)eii* 
dently  of  all  other  causes,  the  heat  of  suiB^mer  should  be  to 
that  of  winter  as  9  to  1.  But  these  cakulatiKNis  suppoae. 
the  surface  of  the  earth  to  be  exactly  spherical,  without  fhe 
least  local  declivity.  Tbe  third  csrcunvsti^ice  to  consiuler  ia 
the  length  of  the  day,  or  iha  length  of  that  semMliurncd 
arc  wMeh  the  sun  describes.  The  continuity  augm^atstbs 
eflfect,  and  the  short  nights  allow  ^nly  a  saoiall  qmuaitiiy  of 
the  acquired  heat  to  evaporate.  The  fourth  and  la^  cause, 
which  modifies  the  solar  heat,  is  the  r^mction  which  tbe 
rays  experience  in  passing  more  or  less  4:farough  due  differ- 
ent strata  of  tbe  atmosphete.  Bouguer  has  calculated,  that, 
taking  10,000  rays»  8,123  of  them  arnve  at  a  ^veoi  point,, 
if  they  come  perpendicularly,  7,034,  if  the  angle  of  direc- 
tion is  50  degrees,  S,831  if  it  is  seven  degrees,  and  only  & 
if  the  direction  is  horizontal. 

The  sdar  heat,  distributed  according  ito  these  four  prin- 
ciples, would  be  entirely  different  from  that  which  we  ac- 
tually experience.     We  should  have  in  the  summer  sol- 

^  Mairan,  Mem.  de  TAcademie  des  ScietiBeat  1719  et  17S^.     Bouguer,. 
fur  la  Gradation  de  la  laHm^ro..  BeKgnuum,  G^.  Physi^ue^  §  140. 
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stice  undet  the  lin^f  20  degtees  of  Reaiimur^s  th^rmoDse- 
ter ;  at  Paris,  86 ;  lulder  the  poiar  circle^  68 ;  and  under 
the  T4ih  paraiiel  of  latitude,  we  should  find  the  terrible 
heat  of  60  degrees  of  Reaumur.  It  would  then  dinunish 
towards  the  poke*  la  the  winter  soktace,  the  cold  would, 
be  equally  distributed  in  a  maaner  perfeetly  contrary  to  ex^ 
periewte.  We  are  thetefiire  certain  that  the  direct  and  im- 
mediate Actioii  of  the  rays  of  the  sun  does  not  of  itself  de* 
tennine  physical  cUinates. 

Some  ^rsons  have  sought  for  the  cause  of  climates  in  Internal 
the  internal  ieait  of  the  globe,  which  generally  appears  to  ^^\^^  ^ 
be  about  10  degrees  of  Beaumur  aboye  sero. 

That  heat  is  not  the  dBbct  of  a  central  fire.  Such  a  firs  Central  £«.  • 
might,  without  doubt,  exist  in  the  boeom  of  the  globe,  as 
there  are  cavities  filled  with  air,  but  it  would  act  more 
powerfully,  and  with  greater  uniformity.  The  beoeficiai 
influence  of  it  would  be  felt  towards  the  poles,  as  well  as 
under  the  equator.  All  the  deep  spring  would  be  hat 
Borne  de  Plsle,  in  his  work  upon  the  heat  of  the  globe, 
has  refuted  all  the  false  reasonings  by  which  Buffoo  and 
BdiiUy  had  dec^ved  themselves.  We  shall  form  a  juster 
conception  of  the  internal  temperature  of  the  globe,  if  we 
regard  it  as  the  result  of  the  different  degrees  of  heat 
which  it  may  have  acquired  from  the  successive  action  of 
the  sun,  and  which  are  accumulating  in  the  coiu*se  of  ages, 
as  far  a^  the  density  of  the  gldbe  admits  of  it,  and  the 
force  of  the  solar  rays  is  adequate  to  the  production  of  such 
an  effect.  The  globe  having  once  acquired  this  depth  of 
heat,  which  is  uniformly  diffused  through  all  its  parts,  the 
variable  temperature  of  our  summers  and  winters  can  no 
kniger  produce  a  change  in  its  interior.  But  if  we  sup- 
'  pose  some  local  fermentations  in  the  interior,  these  might 
influence  and  modify  the  external  temperature.  It  is  pos- 
^ble,  too,  that  some  kinds  of  soils  transmit  with  more  fa- 
cility than  others,  the  internal  heat.  Finally,  observations 
having  shewn  that  the  internal  temperature  of  lakes  and 
(3^  s^s  is  mudi  below  that  of  continents ;  the  inference 
is,  that  in  summer,  the  atmosphere,  M^hich  is  in  contact  with 
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Elevatkm 
of  the 
ground* 


these  masses  of  water,  must  always  be  less  heated  than  that 
portion  of  it  which  is  contiguous  to  the  earth  ^ 

With  the  elevation  of  the  land,  cold  increases  in  a  very 
rapid  progression.  It  is  superfluous  to  produce  examples 
of  this,  who  does  not  know  that  winter  continues  to  reign 
on  the  Alps  and  the  Pyrennees,  while  the  flowers  of  spring 
are  covering  the  plains  of  northern  France  ?  This  benefi- 
cent appointment  of  nature,  considerably  increases  the  num. 
ber  of  habitable  countries  in  the  torrid  zone.  It  is  pro- 
bable, that  at  the  back  of  the  flat  burning  coasts  of  Guinea, 
there  exist  in  the  centre  of  Africa,  countries  which  enjoy  a 
delightful  temperature ;  as  we  see  the  vernal  valley  of  Qui- 
to, situate  under  the  same  latitude  with  those  destructive 
coasts  of  French  Guyana,  where  the  humid  heat  constantly 
cherishes  the  seeds  of  disease.  On  the  other  hand,  it  is 
the  continued  elevation  of  the  ground,  which,  in  the  central 
part  of  Asia,  extends  the  cold  regions  to  the  S5th  parallel 
of  latitude,- so  that  in  ascending  from  Bengal  to  Thibet,  we 
imagine  ourselves  in  a  few  days  transported  from  the  equa- 
tor to  the  pole. 
Gcnmland  The  general  aspect  should  be  distinguished  from  the  lo- 
cal aspect  The  west  of  France,  for  example,  has  a  gene- 
ral western  aspect;  and  notwithstanding  this,  the  valley 
of  AHier  is  exposed  to  the  north ;  that  of  Mayenne  to  the 
south;  that  of  Quest  in  Brittany  to  the  south-east.  Thus, 
the  general  declivity  of  a  country,  large  in  itself,  does  not 
exclude  the  most  opposite  local  declivities.  It  may,  how- 
ever, be  admitted  as  a  general  principle,  that  the  positive 
sum  of  all  the  local  aspects  is  in  the  same  direction  as  the 
general  aspect.  This  principle  can  be  applied  only  to  spaces 
of  great  extent ;  for  example,  the  entire  tract  of  country 
through  which  a  river  flows. 

.  Every  one  knows  of  what  effect,  as  to  tetiaperature,  is 
the  exposure  of  a  soil  relatively  to  the  sun.  A  hill,  in- 
clined 45  degrees  towards  the  south,  when  the  sun  is  ele- 


local  as- 
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Effects  of 
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«  See  the  authors  quoted  by  Delamethcrie,  Thdorie  de  la  Terre,  iii.  seek 
755,  756,  &c.  &C. 
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vated  45  d^ees^  reoeives  the  solar  rays  perpendicularly, 
¥^hilst  upon  a  plain,  the  same  rays  strike  the  soil  under  an 
angle  of  45  degrees,  that  is,  with  one  quarter  less  of  force ; 
and  a  hill  inclined  45  degrees  to  the  north,  will  be  struck 
by  the  solar  rays  in  a  horizontal  direction,  which  n^kes 
them  glide  along  its  surface.  If  the  ground  is  still  more 
inclined  to  the  north,  it  will  receive  no  rays,  and  will  re- 
main always  in  the  shade.  These  differences,  which  are 
easily  perceptible  in  hilly  countries,  are  extreme  in  regions 
covered  with  high  mountains.  It  is  thus,  that  in  the  Va- 
lids,  we  see  the  Alps  on  one  side  covered  with  eternal  ice, 
whilst  vineyards  and  orchards  adorn  the  oppo^te  hills  with 
all  the  charms  of  fertility. 

There  is  still  another  circumstance  to  be  observed.  The  Effects  of 
angle  of  incidence  of  the  rays  of  the  sun  is  determined  for^f  fj^esun. 
any  given  moment  of  the  day,  by  the  exposure  of  the  land, 
but  it  varies  also  with  the  diurnal  course  of  the  sun.  .The 
hill,  which  in  the  morning  received  the  solar  rays  under  aT 
direct  angle,  receives  them  more  obliquely  at  noon,  and 
perhaps  the  rays  in  the  afternoon  will  merely  glide  over  the 
surface  of  the  ground.  The  case  is  precisely  the  reverse 
with  hills  exposed  to  the  west.  This  is  attended  with  some 
very  remarkable  consequences,  which  we  are  about  to.  ex- 
plain. 

Every  western  exposure  (from  south-west  to  north-west)  West  and 
ought  to  be  warmer  than  the  corresponding  eastern  expo-^gpects. 
sure,  all  other  things  being  equal — for  the  rays  of  the 
morning,  which  directly  strike  the  hills  exposed  to  the  east^ 
have  to  counteract  the  cold  which  has  accumulated  there 
during  the  night.  When  the  atmosphere,  in  the  after- 
noon, shall  have  reached  its  greatest  degree  of  warmth, 
the  solar  rays  will  no  longer  serve  to  concentrate  this  mass 
of  heat  upon  soils  lying  towards  the  east ;  for  they  will 
fall  only  obliquely.  On  the  contrary,  those  hills  which 
incline  towards  the  west,  have  been  already  provided  with 
heat  during  the  whole  morning ;  and  as  soon  as  the  solar 
rays  strike  them  in  a  direct  manner,  they  collect  and  con- 
centrate all  the  caloric  of  the  atmosphere,  without  encoun- 
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tering  any  obstacle.  Erery  thing,  cm  the  eoatrafy^  viH 
tomtvat  m  {Mromoting  their  attk». 
Wannest  Without  sti^tpg  to  give  more  detukd  explaaatkms, 
""P^-  nfe  shall  only  remark,  that  acoordtng  to  this  priocipt^  iouth* 
souik-wegt  and  sotiik-west  mtoations  are  the  warmest  of  ail; 
whilst,  on  the  contrary,  those  of  the  north^cut  are  the 
coldest  It  is  scarcely  necessary  to  observe,  that  we  speak 
here  only  of  the  Nofihem  Hemi$pkere,  and  that  we  leave 
out  of  view  all  local  and  temporary  circumstances. 

As  a  moderate  degree  of  cold  is  fiivourable  to  health, 
asd  as,  under  the  latitude  of  Greece,  any  degree  of  cold  to 
which  they  were  ordinarily  exposed,  may  rather  be  looked 
upon  as  refreshing  than  disagreeable^  it  is  clefur  that  Hip. 
pocrates  was  right  in  recofttmendiDg  eastern  situations  with 
regard  to  salubrity  ^  But  is  it  not  contrary  to  good  sense 
to  apply  the  same  principle  to  climates  much  nearer  the 
Pole,  where  the  ccdd  is  regarded  with  apfMrehension,  and 
where  the  heat,  generally  more  moderate,  brings  with  it 
none  of  those  epidemic  maladies  of  which  Hippocrates 
speaks.  There  are  so  many  circumstances  which  combine 
to  render  a  climate  salubrious  or  unhealthy,  |deasant  cm*  io^ 
hospitable,  that  the  attempt  would  be  extremely  injudi- 
cious to  characterise  climates  solely  according  to  genend 
or  local  exposures. 
Exposiires  If  we  consider  exposures  only  by  themselves,  and  with- 
^'^^^  out  reference  to  other  drcumstances,  we  may,  with  Hippo- 
ent  parts  of  crates,  Compare  the  eastern  one  to  Spring,  those  of  the 
the  day.  gQ^^h  to  Summet,  those  of  the  west  to  Autumn,  and  those 
of  the  north  to  Winter-^for  although  it  is  true  that  the  ccmi- 
stitution  most  common  to  cUmates  under  these  exposures 
answers  to  that  of  the  seasons  which  they  resemble,  yet  a 
more  exact  and  more  inteili^ble  comparison  would  be  one 
with  the  different  divisions  of  the  day.  The  most  severe 
cold  is  felt  early  in  the  morning ;  this  division  corresponds 
to  the  north-east  exposure,  which  is  the  coldest ;  the  beaC 
augments  until  three  in  the  afternoon.     In  like  manner, 

^  Hippocr&tet  Traits  des  Ain,  des  Eavx,  et  det  Lieax. 
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«3lposiir«s  become  alnays  mens  favoorftble  to  keat,  tiU  we 
come  to  the  soutl^wdst.  Evening  and  midnight  lioMo>vr, 
corresponding  to  western  and  northern  exposures. 

In  coasklefing  the  climates  peculiar  to  eaieh  country,  in 
tbe  subsequent  votmaes^  of  this  work,  we  »baB  see  diese 
general  observations  eonfinotd  by  a  great  numb^  of  ex- 
amines. 

The  posiium  t^mowitains  is  not  always  essentially  ooa«-  PosidoM 
Hected  with  derltvities  of  ground,  since  there  are  some**^^"^' 
mountainous  plateaux  or  upland  plains,  which  (at  least  as 
to  apportion  of  their  extent)  have  no  general  declivity,  as 
in  McMQgc^a,  in  Thibet^-4ind  since,  on  the  other  hand,  we 
find  oowtries  which  incline  on  several  sides,  without  their 
most  elevated  parts  being  furnbhed  with  real  mountains, 
asy  for  example,  tbe  centre  of  European  Russia. 

Mountains  act  upon  dinuites  in  two  ways-^tb^  attract 
tbe  vapours  suspended  in  the  air ;  these  vapours,  by  their 
condensation,  produce  clouds  and  fogs,  which  generally* 
ccmceal  the  summits  from  our  view.    Often,  also,  these 
assemblages  of  watery  substances,  which  the  winds  waft  in 
every  direction,  are  stopped  in  their  devious  course  by 
qhmns  of  mountains,  in  the  elevated  valleys  of  winch,  they 
continue  to  accumulate.     These  effects  are  still  more  sensi-  Slidter 
bly  felt,  when  a  chain  of  mountidns  is  crowned  with  exten-^J^^^ 
dve  forests^     They  add  to  the  elevation  of  the  mountain, 
they  block  up  its  passages,  and  they  furnish,  above  all,  inex- 
haustible nourishment  to  the  running  waters.  The  destruc- 
tion of  forests  may  sometimes  prove  a  blessing  to  a  country, 
by  procuring  a  freer  circulation  of  air— but,  carried  too  far, 
it  becomes  a  scourge  which   may  desolate  whole  regions. 
We  have  a  sad  example  of  this  in  the  Cape  de  Verde 
islands,  not  to  mention  others  of  a  less  striking  character. 
It  is  the  destruction  of  the  forests,  and  not  a  supposed 
c^Ung  (^  the  globe,  which  has  rendered  the  southern  part 
of  Iceland  more  accessible  to  tbe  dreadful  cold  which  is 
too  often  produced  by  tbose  masses  of  floating  ice  which 
are  intercepted  and  detained  by  its  northern  coasts.     AK 
though  mountains  cannot  prevent  the  general  motions  of 
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the  atmosphere  from  taking  place,  they  may,  however,  by 
stopping  them  in  part,  render  particular  winds  more  or 
less  frequent  throughout  a  certain  extent  of  country. 

There  cannot  be  a  doubt  that  the  Alps  do  contribute  in 
securing  to  Italy  its  delightful  and  happy  climate,  its  per- 
|)etual  spring,  and  its  double  harvests. 
Effect  of        Examples  of  climates,  rendered  colder  by  the  pontion  of 
of  moun^^^  mountuns,  are  frequent  enough.      If  central  and  southern 
*^B.         Russia  are  exposed  to  colds  disproportionate  to  their  lati- 
tude, and  to  their  exposure,  which  is  in  a  great  measure 
southern,  it  is  owing,  amongst  other  causes,  to  the  want  oP 
a  chain  of  mountains  to  the  north,  which  might  weaken  the 
action  of  the  chilling  icy  winds  that  blow  from  the  White 
Sea  and  the  Uraiian  mountains.     Siberia  is  in  a  different, 
and  still  more  unfavourable  predicament.     It  slopes  to  the 
north,  and  consequently  lies  open  to  winds  from  the  Frozen 
Sea ;  at  the  same  time,  its  great  inclination  i8>  on  the  south 
side,  crowned  by  the  Altai  mountuns,  which,  while  they 
hinder  the  cold  winds  from  getting  vent,  and  passing  far- 
ther away,  intercept  also  the  warm  breezes  of  Southern 
Asia. 
Tempem-       The  shelter  from  winds  which  is  afS^rded  by  mountains, 
-""-».,.».«;.«  b«».  hurtful  ft«.^.    k„.«fi.d 
the  heat  prove  insupportable  in  those  valleys,  which  in  sum* 
mer  concentrate  and  strongly  r^ect  the  rays  of  the  sun. 
When  valleys  are  extensive  and  wide,  when  they  present  a 
considerable  declivity  for  the  flowing  of  water,  and  afford 
free  access  to  winds  from  die  north,  the  temperature  may 
4hen  be  dry  and  cold,  as  in  the  Champsaur  described  by 
Yillar.     The  inhabitants  of  such  places  will  have  good 
complexions,  and  enjoy  a  sound  state  of  health. 
Unwhole.        In  valleys  which  are  low,  narrow,  and  hollow,  and  which 
U^^^'     J^^^^ve  dry  winds  only  very  obliquely,  torrents  of  water  and 
the  rains  find  no  vent,  the  surface  becomes  marshy,  the  air 
does  not  circulate,  and  dampness  and  fogs  perpetually  pre- 
vail. It  is  in  such  places  that  we  meet  with  beings  feeble,  in- 
dolent, and  stupid,  that  are  called  cretins:  they  become  deaf, 
dumb,  and  almost  blind ;  they  remain  insensible  to  all  im- 
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pressions^  Except  sensual  appetites ;  if  we  strike  them, 
they  testify  no  sensation ;  and  they  appear  to  be  excited  by  . 
no  wants;  Their  dangling  arms,  their  gaping  mouths,  their 
necks  swollen  and  pendant,  their  cadaverous  colour,  indi- 
cate the  lowest  state  of  human  degradation,  and  of  animal 
degeneracy.  The  chilling  damp  which  constantly  broods 
over  these  countries,  except  when  it  is  exchanged  for  the 
warm  and  equally  relaxing  vapours  of  summer,  may  be  re- 
garded as  the  true  cause  of  the  goitre  and  of  Cretinism, 
These  maladies  bear  a  great  analogy,  in  their  cause  and 
principal  effects,  tathe  swellings,  the  articular  tumours,  and 
the  imbecility  of  the  effeminate  Scythjans  mentioned  by 
Hippocrates.  Fod£r£,  who  purposely  visdted  the  valley  of 
Aosta  and  Maurienne,  where  cases  of  goitres  and  mental 
imbecility  chiefly  occur,  remarks,  that  they  appear  only  in 
the  centre  of  the  valleys  of  the  Alps,  and  thai  even  there 
they  are  confined  to  the  narrowest  part  of  the  valley,  which 
ceases  to  produce  them  as  it  widens  towards  the  summit  of 
the  mount^ns,  where  brisker  and  drier  air  prevails,  in 
which  the  inhabitants  enjoy  health. 

These  maladies  are  to  be  found  in  the  Bas  Vallsds,  at  the 
base  of  the  Pyrenees  and  Apennines,  and  in  some  of  the 
vallies  of  Dauphiny  and  Upper  Provence.  The  sallow  in- 
habitants, which  we  see  in  several  humid  districts  of  Ame- 
rica, the  white  Negroes  of  the  Ethiopian  and  Madagascar 
mountains,  and  the  piebald  Negroes,  appear  all  of  them  to 
be  a  species  of  cretins  in  a  greater  or  less  state  of  degene- 
racy. Zimmerman  attributes  to  the  suffocating  heats, 
which  are  felt  in  certain  deep  valleys  of  Switzerland,  the  ii^ 
stances  of  madness  which  are  so  common  in  these  places ; 
and  he  states,  that  the  inhabitants  of  these  defiles  are 
obliged,  during  summer,  to  send  away  their  children  to  the 
neighbouring  mountains,  for  the  preservation  of  their  me- 
mory and  reason^. 

The  neighbourhood  of  the  sea  moderates  the  exbess  of  Effects  of 
temperature.     In  hot  climates,  the  maritime  regions  are  not  botiATOd'of 

thesei.. 

<  See  the  articles  Switzerland,  Carmthia,  &c.  in  tliit  Work» 
VOL.  t.  2d 
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^  warm  as  the  centre  of  tbe  plains.  In  high  latitudes,  the- 
eoasts  and  the  islands  are  less,  cold  than  the  interior  of  the 
continents.  In  the  mouoU^ns  of  Norwaj^  so  istenae  i^  the 
cokl»  that  it  has  sometiffles  i«oved  &tal  to  theSwedish  armies; 
the  dead  bodies,  haw  beeipi  found  lyings  rank  and  file ;  at  the 
slwe  tdme^  the  coasts  of  the  country  enjoy  a  very  mild  c& 
mlUte.  The  fioFt  of  Bergen  does  not  freease  so  often  as  the 
Seiuje,  Laurels^  fig-trees,  myrtles,  and  pomegranates^  wiudb 
cannot  subsist  in  the  centre  of  France,  grow  naturally  i^ 
abundance  at.Brest  \  The  tempemtures  of  the  differ^il; 
Season^:  also  approach  near^  eadi  otibev  ia  the  neighbour^ 
hood,  of  the  se«^  At  Plymouth,  although  the  mean  heat 
o£  the  yeair  is,,  on  the  whc^e,  a  little  less  than  that  of  Paris^ 
the  winter  mcmths  are  much  less  cold.  The  thermomet^ 
never  sunk  lower  iti  the  tii^ie  of  Hexham  thaa  ten,  or  tect 
below  zeip,  nor  rose  high»  than  SLS  on  tibe  scale  of 
Reaumur. 
Influence  The  internal  nature  of  the  soil  must  have  an  influence  on 
™*"*^'*""  climate  in  a  variety  of  ways*  All  grounds  are  not  heated 
ofthesoiL  equally  soon.  One  soil  quickly  parts  with  its  acquired 
h^t^.  while  another  r^tai^i^  it  for  a  long  time.  E?(hala- 
tions^  which  vary  aqcording  to  the  natuj'e  of  the  soil,  rifle 
into .  the  atipp^phcire,  and.  become  identified  with  it.  Clayey 
pounds,  and  thos^.  whiph  are  impregnated  with  salt,  coot 
the  atmosphere;  extensive  accumulations,  when  they  are  dry, 
augment  th^.beat.  It  is  supposed,  fi>t  example,  that  the  se- 
vere cold,  and  the  upwbolespme  air^  which  prevail  in  the  go^ 
vemments  of  Astracan  and  Orenburg^  partly  arise  from  the 
i^ine  n^tureof  the  soil;  while  several  provinces  iuFrance  owe 
in  part  their  dry.  and  salubrious  temperature  to  this,  that 
their  soil  is  sandy,  calcareous,  and  in  general  light ;  ground 
winch  is  stony  and  barren,  emits  fewest  vapours.  The  con«« 
trary.  may  be  said  of  marshy  soils ;  grounds  of  this  d&^ 
scription,  and  even  sands  impregnated  by  moisture,  dimi^ 
llish  the  heat ;  and  as  the  waters  there  are  for  the  most 


^  See  the  artide^  France  and  Rossia^ 
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part  stagdant,  the  duration  of  the  frosts  is  prolonged  with, 
otit  bringilig  in  return  a  sky  serene  and  unobscured  by 
noxious  fogd.  This  is  the  reason  why  the  wiliter  in  HoU 
land,  ikider  $2  d^gi^s  of  latitude,  is  often  0ipt^  dis* 
agi'eeable  than  that  of  the  Dahidi  islands  under  the  55th 
parallel. 

Tb€  effect  of  n^arshes,  in  hpt  dountril^s^  is  stiU  piore  fa- 
tal, for  they  fei*roent  and  Evolve  a  great  quantity  of  pu- 
trid eiflkivia  (  it  is  to  these  that  the  eastern  coasts  of  Af- 
rica, and  some  p^jrts  of  America,  owe  their  pestilential  cli- 
mate K 

■   In  every  country,  the  sky  has  a  different  aspect     The  Diffident 
dartre  arch,  whidi,  by  an  optical  illusion,  on  every  side  11.  "P«^  of  the 
fi<ks  our  view,  seems  to  be  lower  in  England  than  it  is  in 
France,     th  ridn  does  the  Italian,  upon  the  borders  of  the 
Seine^  look  for  that  pure,  serene,  and  boundless  sky,  that 
atmdsphete  of  clear  blue,  or  of  vivid  red,  which  so  much 
^iltributed  to  in^re  a  Raphael  and  Correggio. 
•    But  even  the  Italian  sky  is  cloudy,  in  comparison  of  that 
trhith,  in  summer,  canopies  the  blissful  islands  of  the  Pa- 
^6&  Ocean,  tliat  paradise  of  the  torrid  zone.     It  is  to  the 
different  degrees  of  the  rarefaction  of  the  air,  as  well  as 
the  nature  of  terrestrial  ^ihalations,  that  we  must  attribute 
these  different  appearances  of  the  dcy,  on  which  the  beauty 
of  a  climate  partly  depends. 

Man  exerci^s  a  slow  but  powerful  influence  upon  the  Influence 
tempertitute  of  the  air.     Without  cultivation,  few  climates  ^^^^' 
would  be  salubrious  and  agreeable.     Let  ns  contemplate  a  man. 
desert  country ;  the  rivers,  abandoned  to  themselves,  be-^   . 
come  choaked,  and  overflow ;  stnd  their  waters  serve  only  to 
fortn  pestilential  marshes.     A  labyrinth  of  thickets  and  of 
brambles  overspreads  the  most  fertile  bills.     In  the  mea- 
dows,  the  unsightly  wild  mushroom,  and  the  useless  moss, 
dioke  the  nutritious  herbs ;  forests  become  impenetrable  to 
the  rays  of  the  sun  ;  no  wind  disperses  the  putrid  exhala- 
tions of  the  trees  which  have  fallen  under  the  pressure  of 

>  See  the  description  of  Aftica,  vol.  iiL 
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age;  the  soil,  excluded  from  the  gedial  and  purifying 
warmth  of  the  air,  exhales  nothing  but  poisons ;  and  an  at- 
mosphere of  death  gathers  over  the  whole  country.     But 
what  do  not  industry  and  perseverance  accomplish  ?     The 
marshes  are  drained ;  the  rivers  flow  in  their  disencumber, 
ed  channels ;  the  axe  and  the  fire  clear  away  the  forests ; 
the  earth,  furrowed  by  the  plough,  is  opened  to  the  rays 
of  the  sun  and  the  influence  of  the  wind ;  the  air,  the  soil, 
and  the  waters,  acquire  by  degrees  a  character  of  salubri- 
ty ;  and  vanquished  nature  yields  its  empire  to  man,  who 
thus  creates  a  country  for  himself. 
Inconvcni-      The  cultivation,  however,  of  a  new  country,  is  often  at- 
encies  of  ^  tended  by  most  disastrous  consequences,  which  ought  not 
tries.  always  to  be  iipputed  to  the  improvidence  of  colonists.   The 

new  soil,  the  moment  that  it  is  broken  up  by  the  plough, 
and  penetrated  by  the  rays  of  the  sun,  must  necessarily  un- 
dergo a  strong  evaporation,  and  its  exhalations,  which  are 
not  always  of  a  harmless  kind,  little  elevated  in  the  air,  are 
condensed  by  the  cold  which  still  continues  to  be  sharp, 
particularly  during  the  night.  Hence  arise  those  epdemic 
maladies  which  ravage  colonies  newly  established.  The 
destruction  of  forests,  especially  when  carried  too  far,  is 
followed  by  pernicious  effects.  In  the  Cape  de  Verde  Is- 
lands, it  is  the  burning  of  the  forests  which  has  dried  up 
the  springs,  and  rendered  the  atmosphere  sultry  K  Persia, 
Italy,  Greece,  and  many  other  countries,  have  thus  been 
deprived  of  their  delightful  temperature.  The  cutting 
down  of  the  forests  which  once  covered  the  Pyrenees,  has 
rendered  the  air  very  unwholesome  in  the  valley  of  Azun, 
in  the  department  of  the  Eastern  Pyrenees,  because  the  ab- 
sence of  that  barrier  now  permits  a  free  passage  to  the 
southern  winds.  Similar  complaints  are  made  in  Castile 
and  Arragon. 
Influence  of  The  predominant  winds  of  every  country  variously  mo- 
predomi-     jj^f^  ^^le  united  influence  of  all  the  elements  which  con- 

nant  winds.       •^ 

stitute  physical  climate,    and  which  we  have  just   been 

k  See  Africai  Cape  de  Verd  Islands,  toI.  iii. 
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oonBidering.  But  the  nature,  the  direction^  and  the  inten- 
sity of  the  winds,  depend  upon  general  and  local  expo, 
sure,  the  neighbourhood  of  seas,  the  elevation  of  moun- 
tains, and  other  circumstances.  Thus  the  causes  of  cli- 
mate form  together  a  circle  of  which  we  can  pmnt  out 
neither  the  first  link  nor  the  last.  We  ought  not  to  cha- 
racterize the  physical  nature  of  winds  in  a  general  manner, 
according  to  the  points  of  the  compass  from  which  they 
blow.  Hippocrates  made  use  of  this  tnethod,  but  confined 
his  observations  to  a  small  part  of  the  globe.  But  we 
should  only  injure  the  reputation  of  this  great  man  by  at- 
tempting to  apply  his  local  maxims  as  general  rules. 

All  the  variations  of  the  winds  depend  upon  the  equili-  General 
brium  of  the  atmosphere.  Hence.it  follows,  that  the  hcat{*J*'JgPf*'** 
of  one  climate,  and  the  cold  of  another,  exercise  a  continual  ture  of 
influence  upon  each  other.  The  northern  parts  of  a  great  ^"^  ^ 
continent  will  sometimes  send  forth  their  cold  air  towards 
the  southern  parts ;  and  sometimes  they  will  receive  warm 
air  in  return.  The  great  facility  with  which  the.  atmo* 
sphere  is  put  in  motion,  does  not  permit  us  to  limit  these 
facts  to  particular  places :  the  whole  of  the  heat  and  cold 
which  surrounds  the  globe,  is  in  a.  state  of  constant  and 
universal  flux  and  reflux.  We  may,  therefore,  lay  down 
the  following  principles.  The  heat  of  the  torrid  zone,  and 
the  polar  cold,  balance  each  other  ;  and  upon  the  fluctua- 
tion of  their  equilibrium  depend  the  variations  of  heat  and 
cold,  which  are  felt  in  the  temperate  zones.  All  winds,' in 
the  temperate  zone,  coming  from  the  neighbouring  pole, 
are  cold ;  and  all  wmds  from  the  £;quator  are  hot,  with  some , 
exceptions  occasioned  by  local  circumstances.  Thus  the 
southern  wind  cools  and  refreshes  the  environs  of  the  Cape 
of  Good  Hope,  whilst  the  northern  wind  has  the  same  ef- 
fect upon  Europe.  A  land  wind,  if  it  passes  over  plains 
very  elevated  and  open,  is  almost  always  cold  and  dry  in 
the  temperate  zones.  But  between  the  tropics,  if  it  blows 
over  plains  little  elevated,  and  covered  with  burning  sands, 
it  must  be  dry  and  warm.  The  winds  which  arise  on 
mountains,  arc  not  more  conformable  to  any  general  rule; 
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far  there  are  sopie  mountaiiiB  eoveied  with  ide,  vliilst  iipodt' 
others  there  prevails. a  remiurkafalB  daippQesis :  the  wixids 
fiom  these,  therefore,  will  possess  diffierent  phipertiefib.  As 
to  winds  from  the  sea,  they  are,  almost  withoirt  exoeptiot), 
damp,  and  charged  with  fOgs  and  saline  irapoura ;  tod  9a 
the  air  they  faring  with  thean  is  alwajtseithei:  hoCter  dr  politer 
than  the  air  upop  the  land,  they  eonstantly  oodisiofi  that  kiiid 
of  decomposition  of  atmosphetic  vapours,  whieh  prodiu^ 
rain.  It  follows,  then,  that  every  country  of  the  Cemp^ralfe 
zone  which  is  separated  fitmi  the  equator  only  by  a  groat; 
extent  of  oontiguous  land,  has  necessarily  the  air  moSr^.  ba^ 
bitually  hdt, .  than  that  country  vihkii  has  t€uA  seas  Abwipg 
between  it  and  the  torrid  zone.  On  the  contmry,  the  ticnin- 
tiies  of  thd  temperate  zohes,  which  have  extensive  traicts  of 
Ikskd  between  them  and  the  neighbouring^  pole,  and  wlndk 
are-  i^parated  frpm  the  equator  by  seas^  will  have  a  elbniiite 
habitually  cdMer  tfaarl  other  ooontries  under  the  same  lati- 
tude, but  under  another  comUnation  of  local  drcum* 
stances. 
Gonsequen.  If  ve  apply  these  diflerent  principles,  to  the  Bbrtheim 
cesof  diese  j^j^  q£  i^jjg  qI^  continent,  we  shall  see  that,  the  ^noirmoud 

pnnciplefl*       ...  . 

diminution  of  heat  which  wa  observe  as  we  advance  U>f 
Biminutioii  wards  the  iEast,  under  the  same  latitudes,  is  in  a  great  mea» 
wwlTthp'  '"^^  owing  to  the  form  and  position  of  that  mass  of  eiSirth, 
east.  The  western  part  derives  warmth  from  being  'm  the  neigb-r 

bourhood  of  Africa,  which,  Uk^  an  imioense  fvrnace,  ^stri-p 
butes  its  heat  to  Arabia,  to.  Turkey  in  A^  and  to.  Eu]:0J>e, 
Qn  the  contrary,  Asia,,  ia  its  north-east  extren^iiies,  e^^pe- 
riences  extreme  cold ;  partly,  because  on  that  siide  it  ba^  np 
land  extending  towards  the  equator.  If  Greenland^  vinder 
tl|e  00th  parallel,  notwithstanding  its  southern  exjposvre,  and 
the  neighbouriiood  of  the  sea,  has  a  much  moH  l-igoroos 
climate  than  Lapland  under  the  72d  parallel.  With  a  noirth- 
em  exposure,  what  other  reason  can  be  assigned  for  tins 
phenomenon,  than  the  separation  of  La^iiland  from  the.  arc- 
tie  vegipn  by  means  of  a  yast  ocean,  wlttl^  Greenland,  grar 
dually  widening,  extends  probaUy  towards  the  pole^  <^if  at 
least  towards  the  88d  degree  of  latitude  ?    North  Ami^ric^ 
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htm  few  tracts  of  land  utuale  iq  the  torrid  zone ;  it  has  little 
coimaiuiication  with  South  America,  and  it  stretches  out 
{»obably  to  the  north  of  Baffin'^s  Bay  towards  Greenland. 
Tins  quarter  pf  the  world  does  npt  pres^it  so  gi^eat  a  diC- 
feience  of  climate  as  Europe* 

,    Tbsxt  results  also  from  o^  princifdes,  a  geff^ral  eonse-  But  atid 
^pienoe  as  to  the  countries  of  the  tcmd  eone^    The  trad^|^^^^ 
w^ods^by  blowing  owtimially  from  the  east  over  the  sel^  nd  aeone. 
contribute  to  voider  all  the  maritime  cosEsts  oa  the  eastern 
side  ootdeir  than  those  coasts  wiiich  Ipok  to  the  west    On 
tho  othc^  hand)  the  more  a  continitol;  eiitends  fi^m  east  U^ 
mes$f  the  m<Mre  those  winds  are  heated  by  piEissing  over  the 
lands  scorched  by  the  sun.    This  is  th^  reascHi  why  the 
Antilles,  or  Caribbee  Islands^  enjoy  so  moderate  a  temper*- 
atUre>  whilst  Sen^gambia  is  afflicted  with  the  most  dyer- 
powering  heat  of  Which  we  have  any  exJEunj^e.    CoDgo  alsd 
is  wiirmer  than  Zanguebai*.    If  the  djMMintaias  (^  Peru  have 
a  colder  climate  than  Braeil,  it, is  because  the  elevati<m  of 
gtound^  or  any  other  local  circumstance,  biay.(^nhave 
sufficaent  influence  to  neutndize  the  effect  of  b  general  cause. 
Such  are  the  different  causes  which  conpur  in  forming  that 
general  eonstitutioh  of  the  atmofaf^ete  which  is  termed  di- 
male*    We  may  perc^ve  that  the  results  of  so  many  dif- 
ferent causes  do  not  easily  admit  of  cla8sificati<N(i.     Hippo- Examiui. 
crates,  indeed,  has  attempted  this  with  regard  to  Greece* dii^atwrf 
He  takes  for  the  basis  of  his  arrangement,  exposure  and  Hippocn- 
winds.    But  it  is  easy  to  prove,  that  his  four  cHmaftes,^^ 
though  actually  existing  in  the  places  where  he  obsarved 
them,  are  not  to  be  found  in  all  the  re^ons  of  the  giobe^ 
%o  wlucb  his  commentators,  possessing  little  of  lus  genius, 
wish  tp  extend  his  system. 

Hijqpoorattes  commences  his  'treatise  upon  air,  water,  and 
tttuati<ms^  by  an  explanation  of  the  object  which  he  has  in 
view.  '^  It  is  neCesaary,^  says  be^  ^'  for  a  physician,  when 
entering  a  city  <^  which  he  knows  nothing,  to  examine  its 
exposure,  the  predominant  winds,  the  seasons,  the  nature 
and  elevation  of  the  sdJ,  the  quality  of  the -waters  of  which 
the  inhabitants  make  use,  and  the  kind  of  life  they  follow. 
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Now,"  condnues  he,  "  I  am  about  to  shew  how  we  ought 
to  investigate  and  ascertain  «ach  of  these  circumstances  ^'^ 
Is  it  not  clear,  according  to  this  phrase,  so  vaguely  ren- 
dered by  all  translators,  that  the  intention  of  Hippocrates 
was  not  to  compose  a  treatise  upon  physical  cKmates,  th^ 
materials  for  whicdi  were  not  collected  together  in  his  time, 
but  that  he  meant  nothing  more  by  detailing  his  own  loci^l 
observations  than  to  point  out  to  his  successors  the  path  to 
be  followed  for  the  purpose  of  making  new  ones?  Thid 
modest  intention  of  the  author  has  been  overlooked,  or  at 
least  but  indistysctly  pointed  out.  His  work  contains  ob- 
servaticms  highly  interesting,  but  confined  exclusively  to 
the  countries  which  extend  from  the  Sea  of  Azof  to  the 
mouth  of  the  Nile,  and  from  the  borders  of  the  Euphrates 
to  the  shores  of  Sicily ;  but  these  local  observations,  by  be- 
ing made  general,  have  been  converted  Into  false  and  dan- 
Southerly  gerous  ones.  We  shall  here  produce  some  examples :  Hip^ 
climEtc  pocrates  r^resents  to  us  "  countries  entirely  exposed  to  the 
hot  winds  of  the  south,  as  necessarily  abounding  in  brack- 
ish and  unwholesome  waters :  for  these  waters,  in  general, 
not  being  deep,  are  warmed  in  summer,  and  cooled  in  win- 
ter.*^ He  then  describes  the  maladies  which  will  prevail  in 
such  regions  :  *^  The  inhabitants  have  h^ads  full  of  humi- 
dity and  phlegm — ^they  are  destitute  alike  of  strength  and 
activity  °*.^' 

These  observations  refer  to  the  southern  coasts  of  Greece 
and  of  Asia  Minor,  in  the  neighbourhood  of  the  island 
^here  Hippocrates  was  born.  According  to  Mariti,  the 
whole  of*  the  south  coast  of  the  island  of  Cyprus  frequently 
experiences  an  unwholesome  state  of  the  atmosphere; 
brackish  waters  are  in  abundance  there,  atid  die  country  is 
very  unhealthy.  The  same  observations  hold  true  as  to 
the  coasts  of  Caramania,  or  ancient  Cilicia.  At  Satalia,  at 
Agas,  and  at  Adana,  the  bad  air  compels  the  inhabitants, 
during  summer,  to  retire  towards  the  mountains.     And 


1   2x«rfi»  »ai  (ia^ainluv ;  literally,  to  look  for  and  bring  to  the  test. 
f*  Hippocrates,  de  Aer,,  aquis,  lods,  §§  V-i-l^,  edit  de  Coiay. 


n^by  k  the  sduthem  exposure  of  these  countries  s5  un« 
wholesome?  Strabo  and  Quintus  Curtius  tell  as. the  rea- 
^m.  "Because  Cilieia  is  a  naitoir  plain,  bounded  an  the 
north  by  the  chain  of  Mount  Taurus^  and  the  winds  which  ^ 
ftiw  fra»i  the  soudi  beii^  reflected  by  the  mountains,  cause 
fifitffecating  heat;  besides,  them  are  mardies  and  stagnant 
{buds  on  the  coast  ".^'  Oa  tl^  other  band,  €ic6ro  informs 
vm^  that  the  stiow  rendered  the  passage  of  Mount  Taurus- 
cbffioult  before  the  month  of  JuDe^.  ^ 

«  ^isis  the  reesoii  why  the  temperature  of 'the  air  and- 
of  ihe  waters  of  Cilicia  ei^rieiice  variations  too  great  not'> 
to  be  hurtful.  This  observation  ^uidoubtedly  admiRss  of' 
being  applied  to  other  couiitries  where  the  same  eombina- 
tion  of  circumstaaees  takes  place;  tbe  soiHthem  windis' 
known  to  be  gendraily  dainp^  bo^  and  unwfaolasome,  upon* 
the  shores  of  the  M^diternanean.  In  the  isbmd  of  Lesbo%) 
according  to  Vitruvius,  southern  winds  often  causeepide^ 
mic  jeompkufnts :  in  Attica,  they  once  ixscasioi^  the  pkgue*' 
Virgil  describes  them  as  winds  ^^  whose  damp  breath  is  in*^ 
jcuious  to  orchards,  corn,  and  fiodks  p.^  - 

Let  us  extend  this  genenal  charadaer  to  the  coasts  of  the: 
Qulph  of  Persia.  The  sottth^n  winds  there- bring  on  dm. 
rainy  season,  and  suffocating  heat  At  Susa,  sajrs  Strabof. 
the  inhabitants  dare  not  expose  themsehes  to  :the^at  oB 
the  siui  in  the  middle  of  the  day.  At  Bassora,  according 
to  Otter,  the  southern  wind  par adyzes  all  the  starength  of 
the  human  body. 

But  let  us  pass  to  the  opposite  coast  of  Africa*    Aris-Contrary 
totle,  in  his  day,  knew  that  the  southern  winds  are  ofteU'^^^P^^ 
cold,  and  always  dry  there,  because  they  blow  from  Mount 
Atlas  ?..    At  Paris  too,  we  have  southern  winds  charged 
with  the  atmospheric  cdid  of  the  mountains  of  Auvergne, 


«  Strab.  Geoig.  XI Y.  260.  Casaub.  Aireb.  QuioU  Curt.  III.  c  9^11. 
•  Ciccr.  Epiat  ad  Famil.  XV.  4. 
p  Yiig.  Georg.  I.  443.  BucoL  II.  57.  Vitrav.  L  cap.  6. 
*i  Arislot  Pzpblemat.  zqtjL  l^-moSU  Conip.  Aulus  GieUiiUy  zvi.  11.    Im- 
cuDf  FhanaL  is.  447,  9qf. 
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These  siyogie  wiods  are  vefy  cgld  in  $uai)ia  and  iq  B^yana^ 
£ar  they  pass  over  ijie  Aip9«  Eyary^here  viMuk  ai^e  mqclipr 
fied  aceoiduig  to  the  nature  of  the  plaoea  or^r  whidn 

W«  do  not^  faowe^rer^  tAtmd  i^  aeed  ^f  febese  exaHqpiwEi. 
B(K6  not  HippoQe«le9.him^^tf9ii)t(£at«Iy  fiil4  ^t  Bulk  ef^ 
amoQgst  those  to^ns^  (^i)^9s«A  lif9>  the  hojt^Hith^n  v^^ 
auch  a9  are  very  miidi  o|ieii'to.die  mm  and  to  die  idad^. 
ought  to  experience  the0&  dibiglaMible  altetnatkaia  in  aleeft/ 
degree.  In  ftot>  Tarmia ,  in  Cifiicb,  AotwUhstandkig  ita 
aoutbem  eqaoanre,  fiirwshad  an  example  of  iriudeaiMiie 
duna)fie»  and  Itrnpad  vmfeeni'.. 
Kordiem  •  The  Nortbem  dioiate  of  Hippoexates  ia  not  moce  muH 
"^"^"^  ▼erid  tha&  that  which  we  hare  been  coanderimr.  Winds 
fioDi>thenoEth  at  Aiduffigel,  and  at  Dontaic^  bring  hnmi* 
dity,  and  are.less  cdkL  tbanthe  aonthem  winds** 

These  variati(»i8  in  the  naiuie  of  winda.doairay  with, 
the  other  eoneequenoes.  A  proof  of  thia.is  to  be  foimdin 
the  Spanish  peninsula,  under  the  aaoe  latitude  as  northern 
Greece.  The  Asturiaa  areexpoaed  to  tfaoiKxrth;  the  di- 
mate  is  cold,  but  extimely  dai^.  The  pMindent  diseases 
are  a  species  of  leprosy,  dysenteries,  scrofalous  swellings, 
and  others  of  that  kind  wUch .  Ihe  father  of  medidne  at- 
tributes  to '  southern  exposure. 
Eastern  The  vesemUianoe  which  Hijqiocmtes  ^idtavours  to  estil4 

^^^°^*^  Uish  between  the  southern  osul  eastern  ofimate,  is  alao  nn« 
founded  as  to  western  Europe,  where  the  south  winds  more 
gend^lly  resemble  those  from  the  west  in  faumiifity  and 
mildness ;  whilst,  on  the  contrary,  the  winds  fram  the  east 
are  eTidently  edder  even  than  Aose  from  the  north,  be- 
cause  these  east  winds  come  to  ns  over  central  Russia, 
the  Uralian  mountains,  and  the  confines  of  Siberia.  The 
catarrhal  affection  which  was  prevalent  in  178S,  was  gene* 


'  Dio  Chrysostom,  Orat  de  Tarso. 
*  Kant,  Geographle  Fhysique*  iii.  Part  ii.  p.  UO. 
*•  Casafi,  Annaks  dea  Voyages,  t;  viiL  p.  TS,  atn*    TlMRy,  Obsen^  Me* 
dkales  sur  TEspagne. 


Tidly  aaelribcid  t6  Hie  seiwe  cdU  stfdcii^nly  brought  ^a  by  m 
eastent  vind. 

f  We  «|i«'  equally  miwillmg  to  44ibU  A©  tb«9ry  of  Western 
Hippocrates  wiiQi.  respect  to  wea^rfi  cHiMt^i  <^  £ v«ry  na*  cUmate. 
tion,^  says  he,  <<  exposed  to  ih»  wop^^m  \loM^  hasiaa  uo- 
whdlefioaie.dau^e,  the  iratera  JwJmh  tb^^dvink  an^  not 
lim^d)  beeaase  the  monaag^fogB  tmgl0  wi^  th^m  before 
the  sun  has  had  tinifr  to  (dispel  tbeol.  BeOQitdiy,  The  inha^ 
Mtants  of  theiie  places  aie  i^xposed  t<>  sudden  changes  of 
t^nperature ;  for,  in  the  summer  mormogii  cool^  winds 
i^lov,  and  defw^  fail.  •  In  the  aAernoon,  the  h^at  torments 
them ;  they  have  a  pale  ccnaplexion,  and  a  fi^leic^nstitu*. 
tionl  Breadiiii^  always  h  thick  a^nd  Unwholesome  air,  their 
YOi^e  becomes  rough  ami  hoarse.  The  w^t  pre$ent^  to  us 
tile  image  of  aotumn^  the  pieople  wi>^  live  under  this  cU* 
matolcgioal  constitutida,  should  partioipii^  ia  the  maladi^? 
of  the  inhabitants  of  die  norUi  and  ^outh^^^  J^-oommenta*- 
tar  adds,/<  They  will  join  the.fero^y  of  the  natives  of  the 
north,  to  the  fickleness  of  those  of  the  south*?^  .. 

All  these  oliBervataons  of  Hippoof ate%  thou^  spund  and 
just,  when  properly  restricted,,  beopme  puerile  and  absurd 
wlien  they  are  extended  into  general  ttd^a 

Who  are  there  that  tie  moce  16  the  west  )than  the  F^rtu^  Objections. 
gui^se  ?  Have  they  therefore  a  raw  and  boarse  yqified  On 
the  contrary,  their  language  is  infinitely  softer  than  tl^kt  of 
the  Spaniards.  Is  the  air  which  is  breathed  ui  Portugal 
tiiick  and  unwholesome  P  So  iar  from  it,  that  the  Siuglish 
aend  thither  their  invalids  to  recover  thesf  h^lth^  Xook  to 
€be  Irish,  who  are  continually  exposed  to  aftcorms  from  the 
west ;  have  they  a  pale  com]^exioii?  On.  ^Qoatmy,  a 
native  of  Ireland  nmy  be  distiagoii^ed  by  the  fredmess  of 
hici  looks. 

Has  Hippocrates  then  advanced  assertions  wMch  sore  Local  ex. 
utterly  fiadse?    We  disclaim  the  thought  o£  bringing  for-^P^*^* 
ward  such  an  accusation.     But  he  meant  to  speak  only  of 
certain  countries  of  Greece,  and  his  observations  are  just 
and  profound  when  they  are  thus  locally  interpreted. 

All  the  western  coasts  of  Illyria,  of  Epirus,  and  of  the 
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Principles 
of  dassifi- 
cation  of 
dimates. 


Hot  and 
dry  cli- 
mate. 


Peloponnesus,  have  in  Fact  that  inconstant  climate  which 
Hippocrates  compares  to  autumn.  There  the  west  wind 
often  brings  rain  and  fogs ;  and  ev€n  in  our  days  the  im- 
petuous and  baneful  west  wind,  of  which  Homer  so  often 
sings,  is  still  felt  in  these  regions  \ 

The  Elians,  according  to  Strabo,  Hesychius,  and  Eus- 
tathius,  had,  of  all  the  Greeks,  the  rudest  pronunciation ; 
that  nation  and  their  colonies  often  inserted  a  canine  letter 
(r)  where  the  other  Greeks  put  none,  they  said  heror  or  her 
instead  of  Heroa  \ 

The  Etolians  probaUy  spolra  still  worse,  their  ferocity 
besides  is  well  known.  Polyfaius  and  Thucydides  consi- 
der them  as  semCbarbarkins  ^.  Lastly,  the  inhabitants  of 
the  island  of  Zantej  according'  to  Scrofani,  have  a  pale 
complexion.  The  western  Greeks  were  in  general  not  so 
tall  as  those  of  the  east  and  the  natth.  Ulysses  was  called 
by  the  Etrurians  the  wandering  dvmrf. 

Thus  are  the  observations  of  Hippocrates  justified ;  and 
this,  we  presume,  is  the  true  way  of  reading  and  explain- 
ing  an  ancient  author,  by  comparing  him  with  other  winters 
who  were  his  cotemporaries,  or  his  countr)na[ien.  The  cri- 
tical examination  of  the  four  climates  of  Hippocrates  should 
convince  us  of  the  impossibility  of  founding  a  classification 
of  temperatures  on  the  principle  of  the  causes  which  pro- 
duce them,  since  eveiy  one  of  these  causes  varies  with  geo- 
graphical circumstances.  It  is  by  considering  the  princi- 
pal combinations  of  the  properties  which  charactexise  cli- 
mates, that  we  can  classify  them  in  a  general  manner. 
Heat  and  cold  may  be  accompanied  with  humidity  and 
dryness ;  from  thence  there  results  four  principal  climates. 

W^  have  first  the  hot  and  dry  climate.  Such  is  in  an 
extreme  degree  that  of  the  deserts  of  Sahara  and  of  Arar- 
bia.  The  earth  beneath  is  scorching,  the  sky  above  is  on 
fire ;  even  the  brackish  water  is  scarce  and  valuable  as 
gold ;  plants  languish  for  want  of  .nutriment ;  the  men  and 


»  Hom^e^  Odyss.  v.  295. ;  xii.  289. ;  xiv.  45S. 

'  Strab.  X.  308.     Hesychius,  in  voce,  Eretria.  Kustat.'in  Illiad.  ii.  279* 

'  Folybiusj  xviL  p.  47G,  edit  Casaub.    Thucydides,  iii.  chap.  94f« 
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animals  indeed  are  strong  and  brawny,  but  feyr  in  num«i 
ber;  olive  complexions  and  bilious  temperaments  prevail 
^  amongst  the  natives  of  these .  countries.  Their  ft^ocious. 
and  sanguinary  dispositions  correspond  to  the  character, 
under  which  nature  has  appeared  in  these  dreary  and  in- 
hospitable regions. 

The  hot  and  humid  climate  prevails  in  Bengal,  in  Meso-  Hot  and 
potamia^  in  the  coasts  of  Zanguebar,  Senegarobia,  Guayana,^^^  ^^ 
and  Panama ;  these  countries  enjoy  the  verdure  of  perpe-^ 
tual  spring ;  and  furnish  the  most  gigantic  productions  of. 
the  vegetable  kingdom ;  but  there  also  reptiles  of  unwieldy 
length  wallow  in  the  mud  of  marshes,  steaming  with  pesti^ 
lence ;  there  man,  robust  in  his  frame  of  body,  propagates 
with  rapidity,  but  his  moral  character  is  sunk  almost  as 
low  as  that  of  the  brutes.     The  deep  swarthy  skin,  and 
the  phelgmatic  temperament  belong  peculiarly  to  these 
countries.     The  cold  and  dry  climate  supports  a  hardy,  Cold  and 
though  certainly  not  a  profuse  vegetation;  the  waters  are^'y  ^^" 
generally  pure  but  hard ;  animals  and  men,  respiring  more 
oxygen,  are  strong,  active,  and  healthy ;  the  moral  and  the 
physical  part  are  in  a  state  of  equilibrium.     They  propagate 
slowly  but  with  regularity ;   the  sanguine  temperament, 
and  the  white  skin,  are  characteristic  of  this  climate,  which 
comprehends  the  greatest  part  of  Europe  and  of  Asia.  . 

The  cold  and  humid  climate,  in  its  extreme,  such  as  is  Cold  and 
experienced  in  Siberia,  and  to  the  north  of  Canada,  enve- ^"™^^  ^^^' 
lops  the  atmosphere  with  unwholesome  fogs,  and  reduces 
vegetation  to  a  few  cheerless  stunted  shrubs,  and  to  creep- 
ing moss.     The  animals  are  covered  with  a  thick  fur,  un- 
der which  they  remain  torpid  one-half  of  the  year.     Man 
himself,  tall,  but  weak  and  sluggish,  thinks  only  of  defend-, 
ing  his  physical  existence  against  the  unkinduess  of  nature. 
The  red  copper-coloured  skin,  and  the  melancholic  tempe- 
rament, seem  to  be  the  native  growth  of  ^  such  a  climate. 
By  unfolding,  in  this  manner,  the  views  of  the  celebrated 
philosopher  Kant  %  our  design  has  been  only  to  exhibit  a 

'  Memoir  upon  the  four  principal  constitutions  of  the  human  racey  in  the 
collection,  entitled,  Mundane  Philosopher  by  Engel  (in  German.  ) 
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sketch  of  the  combinattons  of  extivme  temperatures,  and 
their  most  probtbledreets.    We  admits  that  the  four  pr'uj- 
eipal  climates  aife,  perhaps,  no  where  to  be  found  without 
ModiRctL' .  aome  modificatiotis,  whidi  alter  theur  nature.    These  modi^ 
tiTc^e  cL    Ji^i'^ons  are  of  two  kinds;  the  one  kind  arises  froin  t  success 
mates.         sion  of  two  different  climates  in  the  same  region ;  the  other  i^ 
owing,  to  the  mote  or  less  devated  degree  of  anj  of  the  four 
qnalitieB  which  eonstitiite  <£mste«   It  is  these  modifications^ 
wldab,  in  oppttsition  to  the  system  of  Hippocrates,  cat!  en« 
title  any  c£mate  whatever  to  thd  appdlal:i(>n  of  temper (Ue, 
since  the  true  sense  of  this  term  denotes  an  atmospherical 
constitution  in  which  the  faot^  the  dry,  and  the  humid,  are 
oqiudly  moderated  by  each  oflier.     Thus,  in  Egypt,  the 
sucoessioo  of  humid  beat,  during  an  inundation,  and  of  dry- 
heal  for  the  remainder  ef  the  year,  tempers  a  climate, 
wbidi,  without  either  ahemative,  would  be  insupportable. 
Thoi^  the  Dutch  see  with  pleasure  the  dry  cold  succeied  the 
boMid  cold,  whidi^  of  itself,  would  render  their  country 
eetmmely  iBsalidnrioas.     At  odier  times,  the  succession 
tslingphce  too  rapidly,  or  the  two  temperatures  being  too 
mi^te  tlie  one  from  tbe  other,  the  climate  is  rendered 
]dm«  £sagree&bie'tfaan  if  one  uniform  temperature  conti- 
noed.    If  is  tbus  that  the  inhabitants  of  Astrachan,  and  of 
some  other  towns,  feel  in  sunnner  the  heat  of  Africa,  and 
ia  wintet  the  cold  of  Siberia.     These  atmospherical  con- 
slitu^tions  are  ako  mo£fied  by  the  solar  dimate;  tbus, 
the  dry  heat,  which  renders  Sahara  almost  inaccessible,  be- 
comes, at  Madrid  or  at  Marsmlles,  a  temperature  rery  suit^ 
abte  to  man.  The  baneful  effects  of  humid  heat,  are,  in  like 
maoBer  weakened,  as  we  recede  from  the  equator.     On  the 
other  hand,  we  find  the  cold^  dry  or  damp,  more  and  more 
supportable  as   we  advance  from  the  pole  towards  the 
tropics.      For  example,    at  Bergen  in  Norway,    and  at 
Brest  in  France,  diere  is  always  the  same  constitution  of 
winter  rendered  variable  and  humid  from  the  vicinity  of  an 
ocean  which  never  freezes.   But  how  great  is  the  difference 
in  the  intensity  of  the  cold  ! 

These  observations  upon  the  true  acceptation  of  the  word^ 


dknate  naturaUy  lead  us  to  take  a  ge&ent  view  of  the  di£^ 
tereot  temperatures  of  the  five  zones  iato  if  hieh  we  are 
accujSitoined  to  divide  the  globe. 

The  iorrid  zone  experiences  only  two  seasons,  the  oneTempera- 
dry^  and  the  other  rainy  \  The  former  is  looked  upcm  as  ^a  zonl 
the  summer,  the  latter  as  the  winter  of  these  climates ;  but 
Aey  aire  in  direct  oppoatioB  to  the  cdestiat  winter  and  8um« 
aKr,p-*^  the  Dain  always  aoeompames  Ae  sun^  so  that, 
when  that  luminary  is  in  the  ii0fftfa«7i  signs^  the  oocMtries 
to>  the  nc»tk  of  the  line  have  their  ndny  season^  it  appeaiiS 
diat  Ae  presence  of  Ae  sun  in  the  zeaith  of  a  country, 
eoatiaually  heats  and  rarefies  its  atmosphere.  The  equilii 
brium  is  every  moment  sutiverted,  the  cold  air  of  countries' 
nearer  the  poles  is  incessantly  attitacted,  it  condenses  the 
vapours  smpended  in  the  atmosphere,  and  thus  occasions 
almost  continual  rains.  The  countries  of  the  torrid  zone 
where  no  vapours  rise  into  the  ak,  ate  never  visited  by  the 
rainy  season.  • 

Local  circumstances,  particularly  high  ehcuns  of  moun« 
tuns,  which  either  arrest  or  alter  the  course  of  the  mon-- 
sooBs  and  the  winds,  exercise  such  influence  over  the  physi« 
cal  seasons  of'  the  torrid  zone,  diat  frequently  an  interval 
of  not  more  than  several  leagues  separates  summer  from 
winter.  In  other  places,  there  are  two  rainy  and  two  dry 
seasons,  which  are  distinguished  by  the  names  a£  great  wad 

The  heat  is  almost  always  the  same  within  10  or  15  de^DilFeKnce 
grees  of  the  equinoctial  line;    but  towards  the  ^i^pcs,^)riaf2d^ 
we  &el  a  diflierenos  between  the  tempena^ure  which  prevails  tropical  re- 
at  the  moment. the  sun  is  in  the  zenith,  and'  that  whidi  ob«^^'^^ 
tmns,  wben^  ihthe  apposite  solstice,  the  solar  rays  Mling 
under  an  angle  of  moise  than  47  degrees.     We  may  there* 
fore^  witk  Pdybiusy  divide  the  torrid  zone  into  three  others^ 
The  equaiorial  ssone^  properly  so  called,  is  temperate,  com- 
pared with  the  zone  (^  the  Tryopic  ofCancery  composed  of 


•  Vaxen.  G^ogrephie  Gln^xale,   ch.  xxxti.  propoe.  10.  iqq,     Beigmann* 
Geog.  Physique,  §  143. 
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the  hottest  and  least  habitable  regions  of'  the  earth.  The 
greatest  natural  heat  ever  observed,  which  is  Q5  degrees  of 
Reaumur,  (IJ 1°  Fahr.)  has  been  at  Bagdad,  at  33  degrees 
of  latitude.  The  zone  of  the  Tropic  qfCapricam  contains 
but  little  land,  but  it  appears  to  experience  momentary  heats 
of  extreme  intensity. 

Most  of  the  ancients,  disregarding  the  observation  of  Pa- 
lybius,  coi^ceived  that  the  heat  continued  to  increase  from 
the  tropic  towards  the  equator.  Hence  they  concluded 
that  the  middle  of  the  zone  was  umnhalMtable.  It  is  now  as- 
certained that  many  circumstances  combine  to  establish  even 
there  a  temperature  that  is  supportable.  The  clouds ;  the 
great  rains ;  the  nights  naturally  very  cool,  their  duration 
being  equal  to  that  of  the  days ;  a  strong  evaporation  ;  the 
vast  expanse  of  the  sea ;  the  proximity  of  very  high  moun. 
tains,  covered  with  perpetual  snow  ;  the  trade  winds,  and 
the  periodical  inundations,  equally  contribute  to  diminish 
the  heat.  This  is  the  reason  why,  in  the  torrid  zone,  we 
meet  with  all  kinds  of  climates.  The  plains  are  burnt  up 
by  the  heat  of  the  sun.  All  the  eastern  coasts  of  the  great 
continents,  fanned  by  the  trade  winds,  enjoy  a  mild  tem- 
perature. The  elevated  districts  are  even  cold ;  the  valley 
of  Quito  is  always  green ;  and  perhaps  the  interior  of  Afri* 
ca  contains  more  than  one  region  which  nature  has  gifted 
with  the  same:  privilege. 

Nothing  equals  the  majestic  beauty  of  the  summer  in  the 
torrid  zone.  The  sun  rises  vertically— it  traverses  in  an 
instant  the  burning  clouds  of  the  east,  and  fills  the  heavens 
with  a  light,  whos^  effulgent  splendour  is  unobscured  by  a 
single  shade.  The  moon  shines  here  with  a  more  brilliant 
lustre,  Venus  blazes  with  purer  and  more  vivid  rays,  and  the 
milky  way  glitters  with  augmented  brightness  To  this 
magnificence  of  the  heavens,  we  must  add,  the  serenity  of 
the  air,  the  smoothness  of  the  waves,  the  luxuriance  of  ve- 
getation, the  gigantic  forms  of  plants  and  animals,  all  na- 
ture more  grand,  more  animated,  and  yet  less  incon- 
stant and  less  changeable. 
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The  temperate  zones,  on  the  other  hand'',  are  indemnt- Seasons  of 
fied  by  the  mild  and  varied  charms  of  spring  and  autumn,  ^05*^^" 
by  the  moderate  heat  of  summer,  and  the  salutary  rigours  of 
vrinter.  This  succession  of  four  seasons  is  not  known  be^ 
yond  the  tropic,  nor  towards  the  poles.  Even  that  part  of 
the  northern  temperate  2one  which  lies  between  the  tropic 
and  the  35th  degree  of  latitude,  in  many  places  resembles 
the  torrid  zone.  Until  we  come  towards  the  40th  degree, 
the  &06t  in  the  plains  is  neither  intense  nor  of  long  dura* 
tionF— it  is  equally  unusual  to  see  snow  fall  there,  though 
unquestionably  it  is  not  true,  that  when  a  fall  of  snow  does 
take  place,  the  ladies  of  Rome  or  of  Naples  leave  the 
theatre  to  enjoy  so  extraordinary  a  spectacle,  or  that  the 
Academicians  run  out,  with  their  glasses  in  their  hands,  to 
examine  this  idngular  phenomenon.  Elevated  countries  feel 
all  the  rigour  of  winter— and  the  trees  even  in  the  plains 
lose  their  foliage,  and  remain  stripped  of  verdure  during 
the  months  of  November  and  December. 

It  is  from  the  40th  to  the  60th  degree,  that  the  succes^The  mo^ 
sion  of  the  four  seasons  is  most  regular  and  most  percep-^j^^^ 
tible,  without  however  endangering  the  health  of  man: 
And  it  is  within  these  latitudes  that  we  must  look  for  the 
nations  that  are  most  distinguished  for  knowledge  and  civi-« 
lization,  and  those  who  display  the  greatest  courage  by  sea 
and  by  land.  It  would  appear,  that  in  countries  where 
there  is  no  summer,  the  inhabitants  are  destitute  of  genius, 
or  at  least  of  intelligence  and  taste ;  while  in  those  regions 
where  there  is  no  winter,  true  valour,  constancy,  and  loyal- 
ty, as  well  as  other  civil  and  military  virtues,  are  almost 
unknown.  But,  let  us  remember,  that  it  is  man  himself^ 
who  has  in  a  great  measure  created  these  salubrious  cli- 
mates;-—France,  Germany,  and  England,  not  more  than 
twenty  ages  ago,  resembled  Canada,  and  Chinese  Tartary^ 
countries  situated,  as  well  as  our  Europe,  at  a  mean  dis* 
tance  between  the  equator  and  the  pole. 


*  Bergmann,  Geographie  Physique,  §  144^ 
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Seasons  of       Beyond  the  60th  degree,  and  as  far  as  the  78th,  (which 
zoae^^^"  appears  to  be  the  limit  of  the  habital>le  earth  in  the  north* 
em  hemisphere,)  only  two  seasons  are  generally  known ;  a 
lopg  and  rigorous  winter,  succeeded  often  suddenly  by  in- 
supportable heats.     The  power  of  the  solar  beams,  though 
feeble,  from  the  obliquity  of  their  direction,  accumulates 
during  the  days,  which  are  extremely  long,  and  produces 
effects  which  might  be  expected  only  in  the  torrid  zone. 
There  have  been  examples  of  forests  having  be;n  set  on  fire, 
and  of  the  pitch  melting  cm  the  sides  of  ships.     In  winter, 
on  the  contrary,  brandy  has  been  frozen  in  heated  rooms ; 
a  crust  of  ice  has  covered  even  the  sheets  of  the  bed ;  the 
earth  has  been  found  frozen  to  the  depth  of  100  feet  *^ ;  and 
mercury,  congealed  in  the  thermometer,  leaves  the  degree 
of  cold  indeterminate.      I  speak  here  of  extreme  cases, 
and  of  the  zone  in  general.    For,  in  some  places,  a  soufli- 
em  exposure,  and  the  neighbourhood  of  the  ocean,  soften 
the  climate  to  an  almost  incredible  degree.    Bergen,  in 
Norway,  and  the  whole  of  the  adjoining  coast,  between  60 
and  62  degrees  of  latitudie,  has  a  very  rainy  winter,  but 
seldom  snow  or  frostM-that  season  of  the  year  is  there  less 
rigorous,  and  requires  less  fuel  than  at  Cracovia^  or  Prague^ 
or  Vienna^  in  Austria^  between  the  46th  and  50th  de-^ 
grees  of  latitude.     The  frigid  zone  enjoys  an  atmospheric 
calm  which  is  unknown  in  temperate  re^ons-— it  has  no 
storms,  no  hail,  scarcely  a  tempest*-^the  splendcxrs  of  the 
aurora  borealis,  reflected  by  the  snow,  dispels  the  darkness 
of  the  polar  night.     The  days  for  several  months,  though 
of  a  monotonous  magnificence,  astonishingly  accelerate  the 
growth  of  vegetation.     In  three  days,  or  rather  three  times 
twenty-^four  hours,  the  snow  is  melted,  and  the  flowers  be- 
1^  to  blow. 
The  gnafc-      This  succession  of  physical  zones  is  not  equal  in  the  two 
Se  Muth!  h^^»pl*fi''es.     When  speaking  of  the  ice  of  the  sea,  we  ob- 
em  atmo-    served,  that,  in  the  arctic  seas,  we  scarcely  meet  with  the 
^P^**       large  floating  masses  before  we  arrive  at  the  70th  degree, 
nor  the  stationary  fields,  until  towards  the  75th  or  80th  de- 

•  GmeliD,  Voyage  en  Sib^zicp. 
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gftea  of  latitude ;  wfaiky  in  the  antaictic  aeas^both  ooeur  at 
ftcm  AO  to  60  degrees  of  southern  latitude.  In  the  island 
d  Terra  del  Fuego,  in  that  of  Sandwich,  aad  in  several 
others  atuated  towards  the  64th  and  59th  d^prees  of  south 
latitude,  the  mountains  even  in  the  southern  summer  re« 
Buun  covered  with  snow  quite  to  the  shores  of  the  sea^. 

This  diminuticm  of  heat  appears  to  cease  all  at  once  be< 
tween  the  30th  and  40th  degrees  of  latitude;  for  hoi 
winds  arise  from  the  interior  of  New  Holland,  whilst  the 
mountains  of  Van  Diemen^s  Land  remain  covered  with  per« 
petual  snow*»;  thus  there  is  felt  in  these  latitudes  the  most 
sudden  transition  from  a  suffocating  heat  to  a  very  sensible 
cold'. 

Astronomers^  seem  to  ascribe  this  contrast  solely  to  the 
shorter  stay  which  the  sun  makes  in  the  southern  signs ;  ^^"'^™' 
fjiat  is  to  say,  to  the  greater  rapidity  of  the  earth^s  motion 
when  it  is  in  its  perihelium^    The  sun'^s  stay  is  7  days  and  > 

16  hours  shorter  in  the  meridional  than  in  the  northern 
signs.  But  die  diflference  produced  by  this  cause  would  be 
only  /^,  while  the  actual  existing  difference  is  nearly  \* 
The  dieory  of  radiant  heat  has  furnished  another  explanaF 
don ;  and  an  attempt  has  been  made  to  demonstrate,  that 
in  a  given  time,  the  soudiem  hemisphere  gives  out  a  greats 
er  quantity  of  its  own  constant  heat  than  the  northern '>. 
But  this  cause  should  not  all  at  once  cease  to  act  towards 
the  40th  degree.  It  is  necessary,  therefore,  to  search  upon 
for  the  cause  of  this  phenomenon  in  the  earth  itself. 

The  vast  extent  of  the  antarctic  seas,  die  total  absence  of  CSraM  of 
any  great  extent  of  land,  and  the  form  of  the  continents  j^^fj^!'^ 
-which  terminate  towards  the  south,  almost  in  points^  open 
a  firee  and  unincumbered  field  to  the  currents  from  the  po« 
lar  seas ;  and  allow  them  to  push  forward  the  icy  masses  in 

'  Foster,  Cook,  Bdrymple,  fte* 
■    •  P61011,  Voyage  aax  Tencs  AiuMIm,  iL  (IB  edk.) 

'  liabilUndiere)  Voyage  a  la  lecfaercfae  de  Pa^Ptonse,  iL  S7* 

a  Mairan,  Mem.  de  rAcad^mie,  1765,  p.  174*    JBpinos,  Cqgitat  de  Dia« 
tribnt.  calor.  per  teUurem. 

^  Prevoit,  lur  le  calonque  rayomuuty  p.  SUB,  ijj. 
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every  direction  from  the  south  pole  towards  the  southern 
temperate  zone.  There  some  of  them  accumulate,  and  are 
stopped  by  getting  entangled  with  each  other;  some  of 
them  are  hindered  from  advancing  further  by  the  force  of 
the  general  movement  of  the  ocean  towards  the  west,  which 
must  now  be  very  perceptible ;  and  some  of  them  melt  by 
the  action  of  the  solar  heat,  which  must  be  considerable 
at  50  degrees,  although  it  has  but  Uttie  e£Eect  upon  the 
thermometer,  because  the  ice  in  melting  absorbs  it  the  mo- 
ment it  is  diffused  through  the  air. 

As  there  is  no  Jixed  limU  where  the  motion  of  the  polar 
waters  towards  the  equator  stops,  and  changes  into  the  ge- 
neral motion  towards  the  west',  this  change  depending  on 
the  influence  of  several  local  and  temporary  causes,  as  little 
will  there  be  any  determinate  boundary  for  the  southern 
ice.  Accordingly,  navigators  have  sometimes  .met  with  en- 
tire and  fixed  islands  of  ice  towards  the  50th  degree,  and 
sometimes  they  have  advanced  10  degrees  nearer  the  south* 
em  polcf  and  met  only  with  floating  pieces.  These  variations 
of  their  latitude,  under  the  same  meridian,  seem  to  establish 
our  explanation :  it  seems,  indeed,  impossible  to  assign  any 
other  suffident  cause  than  the  action  of  the  polar  currents. 
These  moveable  masses  of  ice,  propelled  on  all  sides  to- 
wards the  tropic  of  Capricorn,  are  stopped  in  th^r  progress 
only  when  they  meet  with  currents  which  set  to  the  west, 
and  which,  as  they  draw  them  along,  impart  to  them  a  com- 
pound motion— 4  motion  which,  being  constantly  modified 
by  the  equatorial  current,  makes  them  describe  a  spiral  line 
until  they  melt.  They  thus  enter  unexpectedly  into  a  zone 
otherwise  temperate,  where  their  presence  causes  these  sud- 
ilen  transitions  from  heat  to  cold,  and  those  extensive  fogs, 
which  are  spoken  of  by  navigators. 
Quantity  of  In  adopting  this  explanation,  we  are  under  no  necessity 
mStt  ke.  ^  supposing  the  quantity  of  southern  ice  to  be  so  enor- 
mous  as  it  would  be  according  to  any  other  hypothesis; 
for  upon  our  principle,  this  ice,  which  appears  towards  the 

5  SeeBooksiT«F«S35  337,ef«fs^. 
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Sfhh  and  60th  degrees  of  latitude,  would  foith  but  a  very 
small  part  as  to  quantity  when  compared  with  a  single 
mass  of  fixed  ice  an>uDd  the  pole,  indeed  they  would  con« 
ttst  of  only  a  girdle  or  belt  of  variable  thickness,  behind 
which  there  might  be  found  vast  expanses  of  sea,  which 
Sfom  time  to  time  would  contain  no  ice. 

The  theory  of  phyacal  climate  suggests  still  another '^i^^li^*^ 
inquiry:  Can  we  admit  a  change  in  the  direction  of  thetemJ^^lmL 
terrestrial  axis?  This  inquiry  is  highly  interesting,  not^'^J^^^"'** 
only  to  geographers,  but  to  the  whole  of  the  human  race. 
Without  the  obliquity  of  the  ecliptic,  without  that  angle 
of  inclination,  which  exists  between  the  plane  of  its  diurnal 
solution  and  the  plane  of  its  orbit,  there  would  be  no  ine- 
quality between  the  days  of  winter  and  summer,  and  no 
change  of  seasons  as  far  as  tiiat  depends  upon  celestial 
causes ;  the  equator  would  be  still  more  constantly  heated 
than  it  is  at  present,  and  we  should  perceive  the  heat  di- 
minish on  both  of  its  sides  in  a  very  rapid  progression ; 
each  climate  would  have  an  invariable  temperature,  which 
would  be  that  of  its  present  spring  and  autumn,  but  very 
probably  somewhat  lower.  The  earth  would  then  be 
scarcely  habitable  beyond  the  45th  or  50th  degree  of  lati- 
tude. Here,  then,  woiHd  be  that  eternal  spring  which 
the  poets  wish  us  to  deplore  the  want  of.  Many  philoso- 
phers and  astronomers  entertain  the  opinion  that  the  eclip- 
tic and  the  equator  actually  tend  to  coincide.  The  ancient 
astronomers  found  the  obliquity  of  the  ecliptic  to  be  24 
degrees.  Eratosthenes,  250  years  before  Christ,  found  it 
to  be  2S  degrees  50  minutes.  Albategnius,  in  880,  23 
degrees,  35  minutes,  40  seconds.  Tycho-Brahe,  in  1587, 
23  degrees,  SI  minutes,  80  seconds.  It  oscillates  in  our 
day  about  9S  degrees,  28  minutes.  Its  average  diminu- 
tion for  each  century  seems  to  have  been  hitherto  57  se- 
conds. But  Euler  and  Laplace  have  proved,  by  profound 
calculations,  that  this  diminution  arises  from  the  mutual 
attraction  of  all  the  planets,  the  orbits  of  which  being  dif- 
ferently inclined,  seek  constantiy  to  mingle  in  the  same 
plane,  from  whence  there  result  only  temporary  inequali^ 
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ties,  confined  widun  detenninate  bonnd&  The  sun  con- 
tributes above  all  constantly  to  bring  back  all  these  yaria- 
tions  to  the  point  whence  they  had  originated.  Were  it 
not  for  the  attractive  force  of  the  sun,  the  {Janets^  espe- 
dally  Jujnter  and  Venus^  might  have  power  to  change  the 
obliquity  of  the  ecliptic  from  10  to  19  degrees.  But  the 
mighty  monarch  of  the  planetary  system  represses  these 
attempts,  and  prevents  the  obliquity  from  ever  varying 
more  than  from  S  to  3  degrees.  In  general  the  whole 
system  of  the  world  appears  now  to  oscillate  round  a  mean 
state,  from  which  it  deviates  only  very  insensibly  either  to 
the  one  side  or  the  other.  The  violent  contests  between 
the  great  powers  of  nature  have  ceased ;  we  live  in  a  pe» 
riod  of  physical  repose,  but  we  percdve  around  us  the 
traces  of  anterior  revolutions.  These  are  about  to  become 
the  subject  of  our  in<|uiries. 
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Continuation  of  tlie  Theory  of  Geography,  *  Of  the  Revo- 
lutions which  have  taken  place  upon  the  Surface  of  the 
Ghbe. 


We  have  described  the  existing  physical  state  of  the  ter- 
i^trial  globe,  at  every  stage  in  our  progress.  It  would 
seem  that  the  order  of  things  which  now  subsists,  must 
have  been  preceded  by  several  orders  of  a  different  kind. 
The  existence  of  the  material  world  is  only  a  series  ofGenenl 
metamorphoses.  As  in  the  ocean  wave  sinks  into  and- 
blends  with  wave,  so  the  elements,  agitated  by  a  nevar- 
ceasing  motion,  mingle,  and  combine,  and  replace  each 
other,  under  forms  continually  changing  and  continually 
renewed. 

In  this  ebb  and  floW  of  existence  and  destruction,  we 
float  along  like  the  light  and  unsteady  leaves,  which  are 
borne,  heaved  aloft,  hurried  on,  and  swallowed  up  by  one 
and  the  same  Inllow.  How  then  should  we  hope  to  form 
a  conception  of  the  unmeasured  chain  of  revolutions  which 
our  globe  may  have  undergone  ?  We  walk  upon  the  wrecks 
of  anterior  worlds ;  but  can  we  compute  their  number  P 
The  lapse  of  ages  has  heaped  up  ruins  upon  ruins :  at 
every  step  we  tr^ad  on  monuments,  upon  which  the  hand 
of  nature  has  engraved  the  history  of  the  globe ;  but  the 
neo(H?d  is  couched  in  hierogiyphical  symbols,  the  key  to 
wbiA  shall  never  perhaps  be  found. 

The  feeble  light  which  reasoning  or  experience  has  fur-  Two  dawei 
nished,  rdate  to  two  classes  of  changes  which  have  taken  ^yolutioiii; 
place  on  the  globe.     Some  repeatedly  occur  under  our  own 
observation,  or  at  least  have  been  observed  by  men  who 
hibve  conveyed  accounts  of  than  to  us.    Other  revolutions 
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are  known  to  us  only  by  their  astonishing  effects,  .and  by 
traces  which  it  becomes  us  to  follow  in  silence,  resolved  to 
Confusion  stop  where  they  cease  to  guide  us.  It  is  of  importance  to 
^rStob^  separate,  with  rigorous  exactness,  the  class  of  supposed  or 
luhed  facts*  infkrr^d  facts,  from  that  of  established  facts.  But  enthu- 
siasm has  already  singularly  perplexed  this  question :  the 
inventors  of  geological  systems  have  brought  fprward  as 
historical  facts,  events  which  have  not  any  cpnteipporary  apd 
substantial  authority  :  the  vague  descriptions  of  poets,  and 
even  popular  traditions,  have  been  collected  and  repeated 
without  undergoing  any  scrutiny.  Aristotle  complained  in 
Greece  of  this  abuse.  Pliny,  in  a  later  age,  introduced  it 
^t  Rome.  As  to  the  moderns,  who  have  undertaken  to 
iwrite  the  history  of  the  changes  which  have  happened  on 
the  surface  of  the  globe,  they  have  chosen  rather  to  display 
superficial  erudition,  by  compiling  anew  what  the  ancients 
had  compiled  before  them,  than  to  make  use  of  that  diffi- 
cult art  by  which  facts  of  an  established  and  definite  char- 
acter are  distinguished  from  uncertain  traditions  th^t  are 
altogether  unfit  for  the  purpose  of  the  philosopher.  It  is 
an  undertaking  beyond  our  strength  'to  re-estabhsh  histo« 
rical  truth  in  all  its  purity  :  we  shall,  however,  refrain  from 
r^peating  any  of  the  fables  with  which  geologists  have 
a,dorned  the  first  ages  of  the  history  of  the  globe. 

The  changes  whpse  actual  occurrence  is  capable  of  proof^ 
are  marked  by  characters  which  are  extremely  difl^ent. 
Some  have  taken  place  with  the  most  inconceivable  rapid- 
ity ;  while,  in  the  imperceptible  progress  of  others,  we  per- 
ceive that  the  power  of  time  has  no  limits. 
Causes  Of  all  the  known  powers  and  agaits,  there  is  none 

change  the  ^Wch  has  not  contributed,  however  little  it  may  have 
surface  of  been,  to  change  the  surface  of  the  globe.  Fire  performs 
the  most  conspicuous  and  noisy  part ;  but  water  appears 
to  have  had  a  still  wider  sphere  of  activity.  The  air  con- 
ceals under  its  appearance  of  weakness  a  very  powerful  dis* 
integrating  and  recompounding  energy.  The  earth  itself, 
hy  yielding  obedience  to  the  laws  of  equilibrium,  has  assist-* 
/ed  'l^  giy^Pg  shape  to  its  own  surface.    And  the  labours  pf 
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man,  though  in  the  last  iftnk,  occupy  a  place  in  some  Cor* 
ners  of  this  vast  picture. — We  shall  now  take  a  rapid  sur- 
vey of  the  annals  of  the  globe. 

The  atmosphere  generates  meteors  whose  slow  but  cou-I)f«»npo« 
tiaual  eflfects,  by  accumulating  from  age  to  age,  must  col-^^me^o» 
lectively  amount  to  an  incalculable  sum. 

The  winds,  which  uproot  entire  forests,  have  laid,  in 
some  remote  period,  the  foundations  of  coal  mines.  The 
rains,  by  running  down  the  sides  of  the  mountains,  bare  and 
roughen  some  parts  of  them;  whilst,  to~  other  parts,  they  give 
roundness  and  elevation.  The  hail  and  the  snow  harden  and 
accumulate  into  vast  masses  of  ice  and  snow,  whence  flow 
the  impetuous  rivers  which  ei^cavate  the  valleys.  Aamond 
observed  the  summits  of  the  Pyrenees  everywhere  furrowed 
by  the  thunderbolts.  But  the  air  of  itself  is  possessed  of 
a  very  considerable  dissolving  power ;  it  ultimately  decom- 
poses  all  known  substances.  The  most  solid  rock  is  cleft, 
and  divided  into  stones ;  the  sUmes  crumble  into  gravel,  or 
dissolve  into  sand,  which  are  lifted  by  the  winds,  or  rolled 
by  the  waters  to  a  great  distance  fropn  their  original  soil. 

The  succession  of  heat  and  humidity  accelerates  that  slow 
disintegration  which  is  continually  going  on  before  our  eyes. 
The  air  disseminates  the  pollen,  or  fructifying  dust  of  plants, 
transports  whole  clouds  of  sand  and  of  volcanic  ashes,  and 
holds  in  solution  a  great  number  of  watery,  saline,  and 
earthy  particles.  It  contributes,  therefore,  incontestably 
to  change  the  surface  of  the  earth. 

This  action  of  the  air  is  especially  perceptible  in  the  con-  f^i^tenaoi^ 
tinual  extension  of  moving  ^anSs.  The  effects  of  it  have  sands. 
been  severely  experienced  near  St.  Pol  de  Leon,  in  Bre^ 
tagne,  where  a  whole  village  was  so  completely  buried  be- 
neath the  sand,  that  nothing  was  seen  but  the  spire  of  the 
church  ^  England,  Jutland,  and  Scania,  have  undergone, 
and  do  still  undergo,  similar  inundations.  In  Greenland, 
the  famous  ridge  of  hills  of  pure  ice,  named  the  Iceblink, 
is  situated  between  two  promontories  of  moving  sand  with 

•  Memoirei  de  FAcademie  dM  SdencM  de  fms^  1722« 
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which  the  winds  sofnetimes  strew  the  dedis  of  vessels  more 
than  12  leagues  distant  ^    Thus  the  phenomena  of  the 
African  deserts  are  met  with  near  the  pole.    In  Jutland, 
we  hare  seen  places  where  the  sand  is  so  extremely  fine,  as 
to  exhibit  the  appearance  of  a  fluid  mass  in  which  we  might 
swim.    It  is  easy  to  conceive  that  the  wind  may  carry  this 
powder  to  considerable  distances,  and  in  this  manner  create 
new  deserts  of  sand. 
Labonxi  of      The  industry  of  man,  by  paving  streets,  by  binlding 
"°*'^         houses,  by  spreading  manure  over  the  fields^  by  erecting 
dikes  along  the  sides  of  rivers,  tends  insensibly,  but  power- 
fully, to  elevate  the  soil  of  a  country.     We  perceive  this 
chiefly  in  towns  near  ancient  buildings.    To  enter  the  P^m- 
theon  at  Rome,  it  was  once  necessary  to  ascend  eight  steps : 
we  must  now  descend  as  many.    Nor  should  it  be  alleged 
that  the  building  has  sunk,  for  it  has  preserved  the  same 
level  for  two  centuries  past^ 
Changes  Sf      ^^^  aquatic  plants  often  change  a  marsh  into  a  damp 
"«»^^^  meadow.     These  are,  first,  the  hippurUf  the  uiriculariw, 
the  equisehimy  anH  different  rushes  which'  form  with  their 
interwoven  roots  a  flo^mg  tissue  upon  the  muddy  water. 
Next,  the  sphagnum  pdustre  is  diffused  over  the  ^n^ote 
surface,  absorbs  the  water  like  a  sponge,  and  creates  a  bed 
for  the  briars  and  lichens  wfaidi  lliicken  and  raise  the  soil 
by  their  annual  depositions.    At  other  times,  the  expanse 
of  a  tranqwl  bay  is  peopled  by  wmUr  lUleSf  the  arundo 
phragmitesj  and  other  plants  which  retain  the  eardiy  par- 
ticles cast  up  by  the  waters  without.    As  soon  as  this  mud 
has  acquired  a  little  solidity,  we  see  the  willows  s|Ming  up, 
together  with  osiers  and  other  trees  which  prefer  am  aquatic 
soil  *. 

Vegetation  contributes  also  still  in  various  ways  tacbange 
the  appearance  of  the  earth.  Observe  that  slender  plant, 
that  moss  which  mounts  up  along  the  walls  0B  a  deserted 


^  Crantz,  Relation  du  Gioenland*  Egede,  &c;  && 
*  Bergraann,  Geographie-Phynque,  §  148,  iL  170, 
«  MiMOD,  Yoji^e  d*JMfe,  iL  }9& 
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palftce.  By  being  repeatedly  decomposed  and  rettovated, 
it  will,  some  ages  hence,  have  covered,  and  even  have  buried 
beneath  it,  those  stately  piles  which  were  reared  by  luxury- 
fop  the  residence  of  sovereign  power.  The  remains  of  the 
vflest  animals  are  collected  in  heaps  where  the  thrones  of 
monarchs  once  glittered  with  splendour.  Brambles  cover 
the  temple  of  Olympic  Jupiter,  and  the  towers  of  Babylon 
fie*  concealed  beneath  the  grass. 

Mountains  sinh  down^  or  separate  into  fragments,  from  sinking 
the  agency  of  other  causes  than  earthquakes  or  volcanic  ^^'T"?*^ 
explosions.     Sometimes  the  waters  of  a  rapid  river,  of  anof  moun. 
agitated  lake,  or  even  of  a  subterraneous  current,  waste,  *■"**• 
consume,  and  secretly  undermine  a  mass  of  rocks,  or  of  so- 
lid earth.  The  beds  of  sand,  gravel,  clay,  and  chalk,  which 
serve  as  a  support,  are  dissolved  or  swept  away ;  an  exca^ 
vation  is  formed,  and  the  superincumbent  mass  sinks  down 
by  its  own  weight.     At  other  times,  subterraneous  waters 
penetrate  tmder  a  new  stratum,  under  a  vegetable  bed ; 
they  at  first  support  this  crust,  then  loosen-  it,  tear  it  oS', 
and  at  last  finally  wash  it  away  piece-meal,  ot  swallow  it 
entirely  up.     Sometimes  there  is  a  fissure,  by  means  of 
which  part  of  a  mountain  is  detached  from  the  principal 
mites,  and  overturned  in  consequence  of  being  deprived  of 
its  natural  support.  These  kinds  of  fissures  are  in  the  ar^l. 
Iflceous  rocks,  the  effects  merely  of  dryness,  accompanied 
by  the  shrinking  in  of  certain  particles ;  in  calcareous  rocks, 
n  species  of  ftrmentation  may  very  much  contribute  to 
produce  them ;  and  in  granite  rocks  they  appear  to  arise 
from  the  decomposition  of  certain  laminse  of  a  less  power- 
fal  cryBtalliKaition,  acted  -on  by  the  oxygen  of  the  atmo- 
sphere.    The  granite  of  Finland,  named  Rapahiwi,  is  de« 
composed  whe)?eter  there  predominates  in  its  composition 
ferruginous,   or  a  kind  of  sulpburo-ferruginous  mica  ^ 
B^gmann  has  often  seen  thef  petrosilex  covered  with  a 
slightly  coherent  crust,  whichy  when  washed  off  by  the  wa- 
fers, exposes  to  view  small  frajgments  of  quartz  and  ferru- 

f  Gadd,  DUseiUtions  but  k  Granite^  ciibfi  par  BeiBmanui  Geog.  Fhys*  §  151. 
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ginous  garnets.     Thus  the  mountaina  may  be  destroy^ 
even  by  the  influence  of  that  imperceptible  humidity  which 
is  inh^ent  in  all  terrestrial  substances. 
Geneial  There  can  be  no  doubt  that  these  twp  kinds  of  subsiding, 

^^^i^  must  have  contributed  to  the  formation  of  the  existing  sur* 
face  of  the  globe.  We  perceive  everywhere  around  us  no* 
thing  but  wrecks  and  ruins ;  those  beds  of  rocks,  displaced, 
overturned,  shattered ;  those  lakes  so  deeply  excavated ; 
those  caverns  which  reach  down  towards  the  centre  of  the 
earth ;  tliose  peaks  which  tower  to  the  sky ;  those  precipi- 
tous coasts  which  surround  as  with  an  immense  rampart  all 
the  seas  of  the  globe ;  those  alps  which  overhang  Italy ; 
those  Andes  which  plunge  their  gigantic  sides  ipto  the 
ocean ;  those  forestS|  tbpse  races  of  quadrupeds,  those 
aquatic  animals  buried  in  the  earth  in  mingled  confusion  ; 
all  these  circumstances  impress  us  with  the  awful  and  over- 
whelming thought,  bow  vwit  must  have  been  the  heavings 
and  agitations  which  haye  contributed  to  give  to  the  globe 
its  present  appearance. 

M.  Deluc  has  very  happily  applied  this  phyacal  truth 
to  illustrate  the  account  of  a  universal  deluge  contained  in 
the  sacred  writings.  According  to  him,  this  catastrophe^ 
which  some  have  endeavoured  to  represent  as  imposable, 
may  be  naturally  explained,  merely  on  the  supposition  of  i^ 
general  sinking  down  of  the  inhabited  regions  of  the  earth ; 
then  the  waters  of  the  sea,  instead  of  being  elevated,  as 
has  been  generally  imagined,  would  have  needed  only  to 
follow  the  laws  of  gravitation,  in  order  to  pover  the  €mtidi* 
luvian  world,  and  leave  dry  our  present  ccmtinent. 

fiut  we  wi^h  to  sp^ak  here  of  facts  pf  which  history  has 
preserved  the  details. 
Subtidings  '^^^  subsidings  which  take  place  from  excavations  made 
through  ex-  by  water,  happen  yearly  in  mountainous  countries  along 
rivers.  It  is  thus  that  the  Rhone  has  formed  the  vault 
under  which  it  appears  to  lose  itself;  it  is  thus  that  th^ 
Adige  swallowed  up  the  town  of  Neumark  and  others  inl767- 
In  the  south  of  Norway,  the  rapid  Glommen  descends  frpm 
the  summit  of  the  Dofrine  mountains  towards  tl^e  t^o^ 
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Sea,  and  forms,  a  little  above  its  mouth,  the  fine  cascade  of 
Sarpen.  The  eddy  of  the  waters  of  the  cascadeisave  form^ 
ed  under  the  bank  d  subterranean  lake  600  feet  in  depth. 
On  the  5th  February  1702,  the  Castle  of  Borge,  with  all 
its  dependencies,  was  engulphed  in  this  excavation,  and  en* 
tirely  disappeared,  so  that  there  appeared  nothing  in  ita 
place  but  a  lake  800  feet  Icng,  and  firom  300  to  400 
broad  ^.  The  disaster  which  befel  the  town  of  Pleurs,  in 
the  country  of  Chiavenna,  arose  from  a  similar  cause. 

Rivulets  and  springs  without  number  wore  away  the 
fnul  foundations  of  Mount  Conto;  on  the  S5th  August 
1618,  the  masses  of  rock  of  which  that  mountain  was  com- 
posed, separated  from  each  other  and  rolled  upon  the 
town,  which  they  completely  overwhelmed,  as  well  as  the 
small  town  of  Schilano ;  S480  individuals  perished }  a  lake 
occupied  the  place  where  ^0  elegant  houses  once  stood. 
All  the  wealth,  which  for  a  century  commerce  had  amass- 
ed, was  at  once  restored  to  the  maternal  bosom  of  the 
earths. 

The  plains  experience  depressions  of  another  kind.  The 
platforms  of  turf  suspended  upon  water,  »nk  under  the 
weight  of  forests,  houses,  and  inhabitants.  Ireland  every  Origin  of 
year  sees  the  number  of  its  lakes  increase  by  the  sinking  ^^gfo^sti. 
in  of  its  bogs.  It  is  to  these  that  subterraneous  fireats^  in 
some  measure,  owe  their  origin.  There  are  some  which, 
like  those  on  the  shores  of  Lincolnshire  \  are  formed  con. 
jointly  by  the  sinking  down  of  marshy  coasts,  and  by  an- 
cient invasions  of  the  sea.  Others,  like  those  which  have 
been  discovered  near  Morlaix  ^,  appear  to  owe  their  subter*. 
raneous  situation  to  changes  anterior  to  the  existing  state 
pf  the  globe,  but  for  the  most  part,  they  are  met  with  in 
tuif  or  peat  grounds.  In  the  Isle  of  Man,  accordingly,  in 
the  midst  of  a  marsh,  at  the  depth  of  SO  feet,  fir  trees  are 
found  still  on  their  roots.    At  Halfield-chace,  we  find  trees 

'  Fontoppidan,  Hut  Nat.  de  la  Ndrwdge,  i.  ch.  3.  §  14. 
f  Cameraxiy  Dioertat  vi. 

^  Oorr^  de  Serra,  dans  lea  Annales  des  Voyw^^  L  169*  #;}• 
>  Fruglaye,  No.  110.  dn  Journal  dcs  Minet» 
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whicli  hsve  their  nuts  snd  afionis  lying  at  their  mdta.  Hoi. 
kmd,  Switzeriaad,  and  Fnooe,  pneaent  ainnkur facts ;  butit 
is  Sweden  irhioh  liinusbes  us  irith  the  most  cunous  ex- 
am j4e.  Near  Asarp,  in  West  Gothland,  there  ace  two  peat 
bogs  composed  of  a  diick  mad,  and  of  a  si^t  turf*  We 
discover  there  a  great  quantity  of  trunks,  and  roots,  which 
are  carried  off  every  year  to  senr«  as  fuel ;  the  foQowing 
year  they  are  equaJly  abundant,  which  arises  unquestion- 
ably  firom  an  unmense  collection  of  trees  buried  in  this 
great  ground,  and  raised  to  the  surfaee  by  the  annual 
thaw  K 
I^esform-  -  la  the  Electoral  Marche  of  Brandenburg,  diere  is  die 
us^^  lake  of  Arendt,  formed  by  two  subsidings,  the  one,  it  is 
befieved,  hjEtj^ned  in  815,  the  other  in  1685.  How  many 
lakes  are  thus  formed  in  Prussia  and  in  Poland !  How 
many  other  events  are  thei:e  of  this  nature,  the  knowledge 
of  which  is  lost  to  us,  or  has  been  disfigured  by  tradition  I 
Strabo  tells  us,  that  around  the  Lake  Copius,  in  Bseotia, 
the  sinkings  of  the  ground  were  very  numerous,  and  often 
changed  the  course  of  the  river  Cefdiissus,  which  at  last 
flowed  in  subterraneous  canals  constructed  by  die  hand  of 
man.  As  these  canals  are  no  longer  kept  in  repair,  and  as 
the  lake  Copals  is  changed  into  a  marsh,  we  may  ask,  what 
is  become  of  the  waters  of  the  Cephissus  ?  It  appears  only 
too  probable  that  they  have  hollowed  out  a  subterraneoiK 
reservoir,  an  invisible  lake,  but  which  may  one  day  swal- 
low up  Bseotia,  and  thus  renew  the  ddfuge  ofOgyges, 

We  have  spoken  of  subterraneous  lakes,  and  amongst 
others  of  that  in  the  West  Friezland,  which  was  discov^- 
ed  in  the  12th  century  ;  by  degrees  there  was  fimned 
on  its  surface  a  crust  of  peaty  and  slimy  substances,  which 
in  ihea  turn  were  covered  with  vegetaUe  mould.  This 
crust  is  now  strong  enough  for  a  carriage  to  pass  over  it, 
and  to  be  laboured,  sown,  and  reaped.  At  the  same  time 
the  inhabitants  have  only  to  make  two  or  three  holes,  four 


^  Beigmann,,Geogni(ibie-Ph7ii({ae»  ii.  2i4.    Eotbof,  l/Usxu  de  rAcademie 
des  Sciences  de  Stockholm,  17CI7* 
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feet  deep,  to  find  water  to  Berve  them  for  steeping  tbeir 
iBax.  There  probably  exists  a  subterraneous  lake  near  Nar- 
bonne,  in  the  territory  of  Liviere.  We  there  see  five  abys- 
ses, named  the  Oelkis^  of  an  extraordinary  depth,  and  fill- 
ed with  fish ;  the  earth  which  surrounds  them  tumbles  un- 
der the  steps  of  the  adventurous  peasants  who  are  attract^ 
ed  thither  for  the  sake  of  fishing. 

We  may  easily  conceive  the  disasters  whioh,  from  time  Giound 
to  time,  indicate  the  existence  of  these  subterraneous  lakes,  \^^  ^^^ 
in  places  where  no  one  suspects  them.    In  1792  a  lake 
was  formed  in  the  town  of  Lons^le-Saulnier ;  several  houses 
dissppeared^  as  well  as  a  part  of  the  high  road  from  Lyons 
to  Strasbourg  ^     It  is  supposed  that  this  was  an  dd  pond 
of  brackish  water;  on  which  at  first  there  was  formed  a 
pellicle,  then  a  slight  vegetable  crust,  and  then  ground, 
to  all  appearance,  solid;    but  a  great  drought  having 
made  the  subterraneous  waters  fall,  this  crust  was  de- 
prived of  support,  and  consequently  sunk  down.     Mount 
Jura  presents  a  number  of  vestiges  of  similar  sinkings. 
The  Pyrenees,  another  calcareous    chain,   exhibit   them 
in  as  great  abundance.    Bufibn  relates,  that  a  mountain 
in  1678,  having  sunk  down  into  subterraneous  cavities 
filled  with  water,  caused  a  great  inundation  in  a  part  of 
Gascouy.     The  JuUan  Alps,  where  the  fiunous  lake  of 
Cirknitz  is,  contain  in  their  numerous  caverns  many  si-' 
milar  reservoirs. 

Justly,  then,  might  Seneca  ask,  <'  In  what  part  of  the 
globe  has  not  nature  waters  at  her  oonunand,  to  assail  us 
with,  whenever  she  pleases  ?  Our  excavations,  our  pits,  al- 
most every  where  terminate  in  water.  Let  us  add,  also, 
those  immense  invisible  lakes,  those  subteiraneous  seas, 
tbcfie  livers  which  are  enveloped  in  continual  night  How 
many  causes  are  there  of  inundation  in  those  waters  which 
flow  beneath  us  and  around  us  ?  For  a  long  time  prisoa- 
ers,  they  will  one  day  set  themselves  at  liberty ;  the  rocks, 
open  on  aU  sides,  will  furnish  numerous  currents  of  water, 

>  BttCnuid,  NottT*  Pzindpes  de  Gedogie,  pi  198. 
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which  will  rush  towards  the  ocean.  These  deluges  of  wfr. 
ter  or  fire  happen  whenever  it  pleases  the  Almighty  to  re- 
commence a  more  perfect  order  of  things.^ 

We  are  now  to  speak  of  subsidings,  in  which  the  agen- 
cy of  water  has  not  been  immediate  and  predominant ;  for 
rarely  does  a  disaster  happen,  in  the  production  of  whidi 
this  element  is  entirely  inactive. 
Mountains      Many  mountains,  as  we  have  seen,  are  originally  oom- 
JJ^^'  "**  posed  of  large  stones,  perfectly  detached  from  each  other. 
There  ate  many  such  mountains  between  Norway  and  Swe- 
den.   A  transverse  section  of  Mount  Quedlie  shews  a  mass 
or  stratum  of  840  feet,  composed  of  small  flat  stones — some 
calcareous,  some  sandy,  and  always  without  any  cement  to 
bind  them  together.     The  slightest  force  is  sufficient  to 
roll  down  these  masses,  which  have  been  formed  by  changes 
anteri<N:  to  the  records  of  history. 
Effeetsof        There  are  other  causes  which  concur  in  deoompoang  the 
^°^         most  solid  mountains;    extreme  cold  often  makes  large 
blocks  of  rock  burst  asunder  and  tumble  down.     In  West 
Gothland,  near  Hunneberg,  there  are  two  regular  pillars 
detached  from  a  rock,  solely  by  the  action  of  frosf^. 

Norway  suffers  great  devastations  from  the  avalanche  of 
stones,  which  are  in  like  manner  occasioned  by  the  effects 
of  cold.  In  the  milder  climates,  the  successive  action  of 
cold  atid  heat  is  not  less  destructive,  though  more  silent. 
In  these  same  mountains  of  West  Gothland,  of  which  we 
have  just  now  spoken,  Bergmann  has  obiserved  that  the 
rocks  of  trapp  had  a  paler  and  more  porous  crust  on  the 
side  lying  towards  the  sun. 
Skdetons  of  In  a  great  many  places  the  skeletons  of  mountains  attest 
■wnntoww*  .these  changes.  Near  Adersbach,  in  Bohemia,  you  pass 
through  a  sort  of  labyrinth  of  blocks  of  free-stone,  placed 
perpendicularly,  from  190  to  SOO  feet  high,  and  of  a  cir- 
cumference equal  to  the  half  of  their  height.  These  co- 
lumns, or  rather  these  square  towers,  occupy  a  space  of 
.ground  a  league  and  one-third  in  length,  and  half  a  lei^e 

»  BergnitfiD,  Ge^npiue  Physique,  u.  242* 
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itt  breadth.  A  rivulet  iheiindetrs  amongst  them,  and  loses 
itself  in  a  gulf.  The  verdant  foliage  of  trees  and  shrubs  is 
mingled  with  the  grey  masses  of  the  rocks.  This  labyrinth 
is  Evidently  the  remains  of  a  mountain,  the  less  solid  parts 
of  which  bavis  cnimbled  down,  and  been  carried  off  by  cur- 
rents of  Water.  The  famous  stimes  of  Camac^  which 
the  vulgar  regard  as  a  Druidical  temple,  appears  to  us  only 
a  labjrrinth  of  Aderbach  in  miniature.  Other  countries 
present  similar  pictures :  such  as  Stoneheilge  in  England^ 
Griffenstein  in  Saxony,  the  rocks  of  Svit-Feene  in  China, 
and  several  assemblages  of  enormous  stones  in  the  Cordil- 
leras of  Peru.  The  primitive  nations  chose  such  places, 
stamped  with  the  impress  of  divine  power,  to  solemnize 
the  rites  which  they  dedicated  to  beings  of  a  superior  n». 
turek 

The  slow^  but  continual  dnd  coihbined  action  of  bll  the  Combined 
causes  which  we  have  spedfied^  is  followed  by  the  mostaS"^^,^^^^^ 
tonishing  catastrophes. 

The  renlains  of  the  mounfains  called  Diableret,  in  Swit- 
zerland, present,  it  is  said,  a  very  picturesque  scene ;  por- 
tions of  wood  and  pasturage,  which  have  escaped  the  com- 
mon disaster,— rods,  shivered,  dismantied,  cleft  from  top 
to  bottom,  and  seeming  to  announce  new  desolations,«^tor<- 
rents,  which  are  forced  to  scoop  out  for  themselves  a  new 
bed,  wear  away  the  trunks  of  birch  trees  and  firs,  half 
buried  in  their  waves.  Such  are  the  varied  groupes  which 
adorn  this  theatre  of  devastation. 

It  was,  according  to  the  History  of  the  A^tedenly  of 
Sdences,  in  the  month  of  Jtme  1714,  but^  according  to  M. 
Bourrit,  and  other  Swiss  writers,  the  SSd  September  1718^ 
that  the  summits  of  the  Diablerets  suddenly  fell,  and  co- 
vered the  extent  of  a  square  league  with  their  fragments^ 
which  often  form  a  bed  of  stones  30  yards  and  more  in 
thickness.  Although  several  hundi^  cottages  were  buried 
in  the  ruins,  fortunately  only  18  persons  perished.  Cows, 
goats,  and  sheep,  were  tiie  principal  victims*  The  dust 
which  was  raised  by  the  fall  of  the  mountain  occasioned  for 
some  moments  a  darkness  like  that  of  night,  although  the 

VOL.  I.  2  V 
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event  took  place  at  three  oVlock  in  tlie  afternoon,  and  in 
fine  weather  °. 

We  have  a  more  satisfactory  account  of  the  falKng  down 
of  a  mountain,  which  took  place  in  1751,  near  Sallenche, 
in  Savoy.  The  naturalist  Donati  thus  deserifoee  this 
event :  A  great  part  of  the  mountain,  situated  betow  that 
which  fell  down,  was  composed  of  earth  and  stone,  not  ar- 
ranged in  strata  or  beds,  but  confusedly  heaped  up.  The 
rolling  down  of  these  stones,  in  former  times,  had  left  by 
degrees  the  principal  rock  of  the  greater  mountain  without 
support.  This  mass  was  composed  of  five  horizontal  and 
distinct  strata,  the  two  first  were  of  a  slaty  and  brittle  kind, 
the  two  following  presented  to  view  a  shelly  marble,  cleft 
transversely  in  its  beds.  In  the  fifth,  the  slate  reappeared, 
but  its  laminae  were  in  a  vertical  position,  and  entirely  dis« 
united.  The  waters  of  three  lakes,  fbrmed  in  this  last  stra- 
turn,  continually  penetrated  through  the  chinks  of  the  moun- 
tun.  The  abundant  snow  of  the  year  1751  augmented 
the  force  of  these  waters,  and  determined  the  fall  of  648 
milhozis  of  cubit  feet'  of  rocks,  bulk  enough  to  have  formed 
a  great  mountain.  The  fall  of  this  mountain  was  accom- 
paiiied  by  a  quantity  of  dust  uncommonly  subtile,  and  which 
was  taken  for  smoke,  because  it  supported  itself  in  the  air 
for  several  days.  A  report  was  spread  that  a  new  vc^cano 
bad  broken  out  in  the  midst  of  the  Alps,  where  the  ravages 
of  subterraneous  fires  had  never  been  known.  But  Donati, 
having  been  sent  to  the  spot,  soon  dissipated  these  ground- 
,  less  fears  ^ 

The  sliding     There  is  also  another  kind  of  catastrophe,  which  is  not 

fit 

o  roc  8.  j^gg  extraordinary  iii  its  causes,  than  destructive  in  its  ef- 
fects :— it  happens  when  one  bed  of  earth  or  rock  slides 
over  another  bed  without  breaking,  or  separating  into  pieces. 
Some  years  ago,  the  commencement  of  an  event  of  this 
kind  was  observed  at  Solutre,  near  Macon.  After  some 
great  rains,  the  strata  of  earth  which  lay  upon  the  moun- 

"  Bourrit,  Description  des  Alpes  Pennirtcs,  kc,    Ebcl,  Itineraire,  ii,  26. 
•  Donati,  cite  par  Saussure,  Voyages,  sect.  493. 
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tain  of  ^ol9tr^  8U4  ^long  over  oouphes  of  cal<|areous  stonesr^ 
which  ccHistitute  t^  body  of  the  mountain.  They  had  al- 
xeady  advanced  sever^  jbundred  yards,  and  the  village  was 
.about  to  be  buried  in  ruins^  when  the  rain  ceased,  and  this 
moviog  mass  of  earth  w^  arrested  in  its  progress  p.  A  still 
more  astonishing  fact  pf  tins  kind  is  related :  a  part  of  the 
pountaan  Govn^a^  in  the  Venetian  State,  detached  itself  dur- 
ing the  night,  and  glided  along,  with  sevend  houses,  which 
were  carried  into  the  xieighbouring  vaUey ;  in  the  morning 
the  ia^^it^ts,  who  liad  felt  nothing,  were  extremely  asi- 
tonisbed,  when  they  awoke,  to  see  themsielves  at  the  bottom 
of  a  valley,  and  for  a  long^  time  iniagined  that  a  supema- 
tM^ral  power  had  transported  them  through  the  air  into 
some  distant  climate^  until,  upon  examining  the  environs, 
they  perceived  the  traces  of  the  revolution  which  had  so 
WQnderfuUy  spared  t][ieff . 

Various  disasters  are  often  connected  together :  inunda- 
tions ori^nate  from  the  fall  of  masses  of  earth,  and  occasion 
such  falls  in  their  turn. 

la  177^,  the  mountam  of  Piz,  in  the  marche  of  Treviso,  Effects  of 
in  the  State  of  Venice,  was  cleft  in  two ;  a  .part  was  over-^^ 
turned,  and  covered  three  villages,  together  with  their  ixh 
habitants.  A  rivulet,  stopped  by  the  rubbish,  in  three 
months  fcHrmed  a  lake.  The  remidning  part  of  the  moun- 
tiun  precipitated  itself  on  that  side,  the  lake  overflowed  its 
bttdks,  and  many  people  perished.  Several  villages  were 
also  buried  under  the  waters  \ 

This  brief  sketch  is  sufficient  to  show  the  difference  that 
exists  between  a  subsiding  or  falling  down,  and  a  shaking 
of  the  earth,  or  earthquake,  catastrophes  too  often  con* 
founded  by  the  ancients,  and  even  now  by  the  vulgar.  The 
effects  are  often  the  same,  but  the  mode  of  action  and  the 
causes  are  different  There  are  fallings  down  without  vol- 
canic shocks,  but  these  shocks  often  occasion  them.  The 
only  point  of  necessary  coincidence  is,  tha.t  great  rains, 


p  I^elametherie,  TbAwric  dc  la  Terrc,  vol.  v.  sect.  1420. 
4  Geograpliy  of  Gaspari,  (m  Geiman,)  voL  i.  p.  370. 
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which  succeed  great  droughts,  equally  bring  ofl  displace- 
ments  aiid  earthquakes.  They  occanon  earthquakes,  by 
evolving  in  the  bosom  of  the  earth  elastic  and  inflammabte 
gases ;  and  they  occasion  the  fall  of  large  masses  by  crack- 
ing, softening,  and  detaching  the  different  strata  of  the 
mountains.  The  ancients  imagined  that  they  could  pre* 
vent  earthquakes,  by  digging  in  the  towns  and  surround- 
ing country,  ditches  and  deep  wells,  to  give  vent  to  the 
subterraneous  vapours.  It  is  more  certain  that  men  may, 
with  a  little  care,  avoid  the  destructive  effects  of  fallings 
Whether  it  down.  At  first,  in  choosing  the  Ate  of  a  town,  or  of  a  vil- « 
to  ^^^^M  ^^S^»  ^®  ought  to  level  the  neighbouring  heights,  and  exa* 
or  foresee  mine  the  nature  of  the  rocks,  whether  they  are  solid  and 
^^  durable,  or  the  contrary ;  it  is  then,  generally  speaking, 
easy  to  place  the  buildings  beyond  the  reach  of  such  acci- 
dents. A  Greek  naturalist  foretold  to  the  Spartans  the 
fall  of  a  projecting  part  of  Mount  Taygetus,  which  soon 
after  overwhelmed  in  ruins  a  considerable  portion  of  the 
city  of  '  acedemon.  Canals  and  drains,  to  carry  off  from 
the  m«>untains  their  superabundant  waters;  reservoirs, 
where  these  waters  may  be  collected  for  distribution  over 
the  country,  to  irrigate  the  fields  and  to  drive  machinery; 
dikes,  walls,  and  perhaps  deep  ditches,  to  stop  and 
weaken  the  shocks  of  avalanches ;  these  are  the  barriers 
which  human  industry  can  oppose  to  such  alarming  and 
disastrous  occurrences,  one  of  the  most  salutary  effects  of 
which  is  to  awaken  our  dormant  powers,  and  to  heighten 
our  courage,  by  pving  scope  for  its  exercise. 
£ffecti  of  In  tracing  out  terrestrial  hydrography,  we  have  already 
ranniDg  w«r  noticed  the  very  considerable  force  of  running  water ;  and 
the  precipitation  of  parts  of  mountains,  which  we  have  just 
been  describing,  serves  to  exemplify  some  of  its  efforts.  Its 
action  is  still  more  general ;  the  wandering  torrents  which 
roll  down  rocks,  and  root  up  forests,  the  deep  stream  which 
gradually  undermines  the  mountains  at  whose  base  it  flows, 
the  vast  and  powerful  river  which  shifts  at  pleasure  the 
place  of  its  bed,  and  sometimes  creates,  by  the  matter  it 
deposits,  a  Delta  of  Egypt,  and  sometimes,  by  swallowing 
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up  extennve  distnets,  forms  new  lakes,  as,  for  example,  the 
Lake  Biesboch  in  Holland ;  Uiese  are  the  powers  which, 
set  in  motion  by  the  hand  of  nature  herself,  in  whose  ope- 
rations ages  are  accounted  as  moments,  have  been  able  to 
pcoduce  a  very  great  proportion  of  ihe  changes  which  the 
secondary  and  ternary  soils  have  undergone. 

We  shall  now  produce  some  examples  of  very  singular  E^cava- 
changes,  arising  solely  from  the  action  of  running  water.  ^°°'  ^ 
Upon.  Mount  LimuTj  in  Norway,  we  see  two  roads  worn  in  water.  ^ 
a  rock  of  marble,  the  one  above  the  other.     The  marble  it* 
.  self  which  separates  them,  and  which  is  only  three  inches 
thick,  allows  you  to  perceive,  through  its  clefts,  a  river 
flowing  in  the  lower  road.     It  appears  that  the  waters  of  a 
lake,  situate  some  hundred  feet  higher,  have  by  degrees 
hollowed  out  for  themselves  these  two  openings  through  the 
rock.  It  was  thus,  that  the  river  Gaulen,  in  the  same  coun- 
try, lost  itself  in  1344^  and  re«appeared  some  years  after- 
wards with  extreme  violence,  driving  before  it  die  ruins  of 
the  subterraneous  prison  into  which  it  had  descended  '• 

Mount  Jura,  and  in  general  all  calcareous  mountains, 
present  fapts  of  the  same  kind.  The  lake  of  Joux,  and 
that  of  Grand-Vaux,  and  many  others,  have  worn  in  the 
rock  the  funnels  through  which  their  waters  flow.  Some- 
,  times,  when  the  sides  of  the  passage  which  the  waters  had 
made  fpr  themselves,  become  in  part  worn  away  and  exca* 
YAted,  the  roof  falls  down ;  it  then  forms  an  outlet,  cut  per- 
pendicularly, through  which  the  waters  escape,  as  near 
Orgelet,  upon  the  road  of  Saint  Claude  ^ ;  or  the  mouth  of 
the  valley,  blocked  up  by  the  rubbish,  forces  the  waters  to 
f^ve  birth  to  a  lake,  such  as  that  of  Sillan,  near  Nantua  K 

Another  Angular  phenomenon  occurs  in  the  funnels  with  Funnels 
no  outlet,  called  ia  Sweden  Giants'  Cauldrons.     These  are 
circular  excavations,  sometimes  of  a  spiral  form,  having 
their  sides  very  smooth,  situate  for  the  most  part  on  the 


'  Pontoppi4an»  Natural  HistoTy  of  Norway. 

^  Bertrand,  Nouv.  Principes  de  Gtologie,  p.  175.) 

\  Ibid.  p.  178.    Comp.  Sau88ui9,  Voy^^^  ged.  38lh 
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sides  of  mountfdns,  and  frequently  contmning  kt  the  eenixt 
a  rounded  stone.  The  traveller  Kalm  obsei^ved  thescf  Ifol- 
lows  in  the  United  States^  near  Fort  l4ich6lton.  S^verd 
examples,  observed  in  Switzerland  and  itf  %bfeH^  nngfat  ht 
mentioned,  but  they  are  to  be  met  lirith  Only  iti  stilf>hat6d 
calcareous  rock  ^ ;  on  the  contrary,  those  of  ^wedeti  and  the 
United  States  exist  in  granite.  Aceording  to  Bergmann, 
they  have  been  formed  by  running  waters,  which  had  bo- 
come  engulphed  there,  and  had  imparted  a  rotiltory  motioli 
to  a  stone  detached  from  a  neighbouring  vock  '. 

In  admitting  this  explanation,  the  giants'*  cftUldrons  wbiild 
incontestibly  prove,  that  thete  was  a  time  when  the  gfanite 
was  not  harder  than  comition  limestone  or  gypsufn. 
Drying  up       There  are  many  lakes  which  hold  in  solution  stdihe, 
of  the  lakes.  ^2p.^]jy^  metallic,  arid  bituminous  subi^taiSces :    these  sab- 
stances  form  sometimes  simple  depositei^ ;  at  otheir  tiines, 
they  are  thrown  down  to  the  bottom  of  the  lake,  by  chani. 
cal  precipitation.     Several  eauses  may  here  concur.     The 
different  gases  arid  acids  with  which  the  waters  of  these 
lakes  are  charged,  may  give  rise  to  crystallizations ;  a  cool- 
ing in  lakes  which  possess  a  certain  degree  6{  heal,  xoBsy 
also  have  the  same  effect.     It  is  certain,  that  the  remains  of 
the  beings  that  live  and  die  in  these  waters,  form  beds  of 
calcareous  earth.     Trees  and  vegetables,  which  are  carried 
along  by  the  waters,  form  floating  islands,  which,  by  de* 
grees,  unite  together,  and  either  cover  the  laked  with  a  ctost 
of  earth,  or,  by  nnking,  raise  up  the  bottom.     We  must 
add,  that  the  more  a  stagnant  mass  of  water  loses  in  depth, 
the  more  it  evaporates;  for  the  evaporation  of  water  is  always 
in  the  direct  ratio  of  its  surface,  and  in  the  inverse  ratio  of 
its  depth,  as  experiments  have  proved.     There  are  hi  all 
mountainous  and  marshy  countries  numerous  instances  of 
small  lakes  which  have  been  dried  up  by  one  of  these  causes  ; 
we  may  therefore  safely  infer,  that  the  same  phenomena 


"  Paiiinj  Hiftotre  Naturelle  dee  Min^raiuci  iii  201.    6fiu5sure,  Vpyages» 
sect  1238. 
>  BeigmaoDy  G^*  Thjs.  u.  ^8. 
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Jbiave  taken  place  upon  a  larger  scale,  and  that  the  forma- 
tion of  several  extensive  plains  is  to  be  ascribed  to  the  dry- 
ing up  of  inland  seas,  or  great  lakes ;  as  for  example,  part 
of  those  which  border  on  the  Caspian  Sea  y." 

The  damming  up  of  a  lake  commences  by  confining  its  Breaking 
basin,  but  the  lake  always  receiving  the  same  quantity  of^^"  ^ 
water,  it  necessarily  overflows,  and  if  it  happens  to  discharge 
itself  into  other  inferior  lakes,  it  may  produce  successive 
overflowings,  which  change  the  surface  of  the  surrounding 
country.  These  effi>rts  would  be  more  violent  if  a  sudden 
thaw,  and  a  superabundance  of  water,  took  place  at  the 
same  time.  The  waters  in  this  case  would  perhaps  be  im- 
pelled by  so  impetuous  a  force,  as  to  overthrow  every  thing 
th^y  met  with  in  their  course,  and  make  large  excavations 
in  the  chdns  of  mountains,  and  thus  form  great  valleys, 
f  his  idea  was  developed  by  Sulzer,  and  carried  to  extremes 
by  Lamanon  *.  It  occurs  very  naturally,  when  one  consi- 
ders the  great  lakes  of  North  America,  which  flow  into  one 
another,  and  finally  into  the  river  Saint  Lawrence.  If  the 
soil  which  borders  the  Ohio,  and  where  we  find  the  bones 
of  the  mammoth,  is  impregnated  with  salt ;  if  the  pMn 
which  surrounds  the  river  of  the  Amazons^  is,  as  is  said, 
entirely  composed  of  soft  earth,  without  any^stones ;  if  we 
find  in  the  pimn  of  Crau  and  in  Dauphiny  the  same  pebbles 
and  rounded  flints,  as  upon  the  borders  of  the  Lake  of  Ge- 
neva, then  all  these  circumstances  n^ay  be  accounted  for  on 
the  supposition  of  the  overflowing  of  the  interior  lakes ; — 
but  historical  certainty  is  wanting,  and  will  always  be  want- 
ing, to  the?e  hypotheses.  It  is,  besides,  very  certain,  that 
valleys  must  have  existed  before  the  flowing  of  the  waters 
could  take  place.  All,  therefore,  which  can  be  conceded 
to  this  theory  of  the  excavation  of  the  earth  by  currents  of 
water,  must  be  limited  to  efiects  which  regard  only  the  su- 
perficial stmta. 

y  Delametherie,  Th^rie  de  la  Tene,  eect.  1417* 

*  Lamanon,  Journal  de  Physique,  1780,  December,  p.  474. 
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Do  thewa?  We  come  to  a  question  which  has  greatly  engaged  the 
tea  dio^i.  attention  of  physical  gec^aphers :  the  diminution  of  the 
'^^  ?         waters  of  the  sea. 

Let  us  begin  t^y  defining  the  subject  of  inquiry.  We 
have  nothing  to  do  with  those  marine  or  other  fluids, 
which  at  different  epochs  covered  the  globe,  and  in  whidi 
lived  innumerable  shell  fishes,  sea  petrifactions,  and  poly- 
puses, which  we  have  seen  upon  the  summits  of  the  highest 
mountains.  It  is  plun  that  these  fluids  have  disappeared ; 
but  the  slow  or  rapid  manner  of  this  disappearance,  and  its 
internal  or  external  causes,  can  be  known  to  us  only  by 
conjecture.  Man  existed  not  at  the  time  of  those  revolu^ 
tions  which  have  heaped  up  on  one  another  the  remains  of 
the  sea,  and  of  fresh  water  animals.  The  question  is  only 
concerning  changes  which  the  sea  of  the  terrestrial  globe 
may  have  undergone  since  the  last  revolution,  which  haa 
created  our  existing  continents.  To  the  question  thus  li- 
mited an  answer  may  be  given. 

A  very  long  expereince,  that  of  more  than  twenty  cen- 
turies, enlightened  by  the  torch  of  history,  se^ms  to  prove 
that  the  present  sea,  conadered  as  to  its  entire  quantity,  is 
m  a  state  cpmpletely  stationary,  so  that  the  evaporation  of 
its  waters  is  equal  to  the  quantity  with  which  the  rivers 
augment  it,  and  jts  extent  is  neither  diminished  nor  en- 
larged. But  local  circumstances,  as  for  example  the  clear- 
ing  of  waste  land,  the  destruction  of  forests,  the  chc^ng 
up,  or  the  turning  away  of  the  channels  of  rivers,  may  for 
a  certain  time  alter  the  kvel  of  some  interior  seas.  Other 
temporary  or  local  (raui^s  may  produce  in  the  same  ocean, 
not  an  augmentation  or  diminution  of  volume,  but  small 
oscillations,  which,  by  subverting  the  equilibrium  of  the  wa- 
ters, occasion  on  one  side  the  little  retirings  of  the  sea,  conse- 

•  ■  •  * 

quently  the  formatioii  of  new  ground  ;  and,  on  the  other 
side,  little  invi^ions  of  the  sea  upon  the  earth :  these  changes 
mutually  compensate  each  other,  and  are  limited,  and  too 
variable,  \o  have  any  sensiblq  influence  upon  the  form  of 
great  continents. 
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The  present  sea  endeavours  in  two  wayii  to  change  the  Manner  in 

which  thu 

form  of  its  banks :  it  creates  new  lands  by  depositing  sand,  gea  produ* 
gravel,  shells,  and  marine  plants,  by  casting  up  and  by  re^cnc^iaBgeg. 
taining  the  mud,  and  other  substances  brought  down  by 
the  rivers ;  by  undermining  the  mountains  which  border 
it,  which  causes  them  at  last  to  fall ;  by  retiring  of  itself, 
either  because  the  rivers  bring  to  it  a  diminished  supply  of 
water,  or,  because  on  another  dde,  it  has  overflowed  some 
ground  over  which  it  has  spread  a  part  of  its  waters.  It 
has  invaded  the  ancient  shores,  by  washing  them  away,  or 
by  rising  above  their  level,  when  from  any  cause  whatever, 
its  basin  has  been  elsewhere  confined.  The  seas  of  Europe, 
being  the  best  known,  will  furnish  the  best  proofs  at  our 
assertions*    Let  us  begin  with  the  Mediterranean. 

We  have  seen,  that  by  taking  in  Homer  the  word  Changes  m 
Egyptos  for  the  name  of  die  river,  and  not  for  that  of  the  Mn^the 
country*,  we  may  dispense  with  admitting,  that  theseahasMediterran. 
filled  up  the  supposed  ancient  gulf,  which  penetmted  into 
Egypt  as  far  as  Thebes,  and  which  separated  by  one  day^s 
navigation  the  island  of  Pharos  from  the  mainland,  as  has 
been  commonly  affirmed.  Some  less  considerable  additions 
have,  without  doubt,  been  made  to  the  land  sinoe  the  time 
when  Herodotus  gave  us  the  first  description  of  the  coun- 
try ;  but  these  are  owing,  less  to  the  mud  whidi  the  river 
carries  down,  than  to  the  winds  which  bring  with  them  the 
sands  of  the  neighbouring  deserts.  This  is  what  daily 
happens  upon  the  coasts  of  Egypt.  The  port  of  Alexan* 
dria  is  dammed  up,  the  town  of  Daroietta,  whose  walls,  in 
the  time  of  Louis  IX.  were  washed  by  the  sea,  is  now  at  a 
considerable  distance  from  it  As  a  kind  of  compensation, 
the  lake  Mengalah  appears  to  be  formed,  either  by  the 
overflowing  of  a  branch  of  the  Nile,  the  cleaning  of  which 
has  been  neglected,  or  by  an  irruption  of  the  sea  \ 

Along  the  eastern  coasts  of  the  Mediterranean  and  its 
gulfs,  there  is  but  little  increase  of  the  land.     The  island 

*  See  the  description  of  Egypt  in  a  lubsequent  volume. 
^  Shaw*8  Travels,  vo^.  U.  p.  173,  188.  TeUiamed,  (De  Mullet)  5^r  la  di. 
pimutian  de  la  mer,  &c. 
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of  Tyre,  however,  has  been  united  to  the  continent  by  a 
more  powerful  band  than  that  of  Alexander.    At  the  mouth 
of  the  river  Pyramus  in  Cilicia,  a  deposit  of  sand  has  ex- 
tended the  modern  coast  six  miles  beyond  the  ancient ;  and 
similar  effects  have  taken  place  at  other  points  on  the  south- 
ern shore  of.  Asia  Minor,  where  the  coast  is  flat*^.  The  Mean- 
der has,  by  little  and  little,  filled  up  the  valley  into  which 
it  flows,  and  which  was  formerly  a  gulf.     The  inhabitants 
of  Miletus,  and  of  Ephesus,  have  several  times  changed 
the  situation  of  their  towns,  by  following  the  sea,  which  re^ 
tired  from  their  walls.     On  the  coast  of  Greece,  a  great 
many  small  islands,  situated  in  front  of  the  openings  of  the 
rivers,  are  joined  to  the  mainland  \ 
Changes  in       In  the  gulf  of  Venice,  very  remarkable  changes  have  t^- 
Veiiic&  °   ^^^  place.     Bamazzini  having  observed  that  all  the  coun- 
try round  Modena  is  suspended  over  a  subterraneous  lake, 
and  that  a  great  number  of  shells  are  to  be  found  there,  is 
persuaded  that  Lombardy  has,  in  a  great  measure,  beai 
formed  by  the  combined  deposites  of  the  Fo,  and  of  the 
sea.     All  that  is  certain  is,  that  the  Fo  in  former  times 
committed  great  ravages,  by  inundating  often  whole  pro- 
vinces: it  has  beeo  confined  by  strong  dikes,  but  by  renew- 
iQg  £roaft  tbne  to  time  these  embankments,  which  preserve 
the  ooimtry  from  total  submersion,  tlie  bed  of  the  river  has 
been  elevated,  so  that  th«  level  of  the  waters  of  the  Fo  is 
now  raised  several  feet  above  the  lands  which  surround  it. 
The.  environs  of  Ravenna,  Aquileia,  and  Venice,  present 
facts  more  uniform  and  better  established.     There  is  no 
doubt,  according  to  the  observations  of  Manfredi%  that 
the  grounds  near  Ravenna  has  sunk  to  such  a  degree,  that 
the  pavement  of  the  cathednd  is  only  ox  inches  above  the 
level  of  high  water ;.  hut,  at  the  same  time,  the  land  is  ex- 
tended in  such  a  manner  that  this  town,  formerly  situate 
in  the  midst  of  marshes,  and  canals,  and  furnished  with  an 


*^  Beauforfs  Account  of  Cararaania,  p.  298. 

**  Strabo,  lib.  ii.  passim,     riln.  Nat  Hist.  iL  cap.  89. 

^  Manfrcdi,  De  Aucta  Maris  Altitudine,  in  Opusc  Bononiens,  ii.  i?0. 
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exoelltot  port  ^,  is  now  (hree  Italian  miles  di^ant  from  the 
8ea>  and  simroimded  by  meadot^^  and  fields.  The  Yenb- 
tia&s  Ave  yety  much  afridd  of  seeing  their  caiials  Aty  up, 
and  yet  the  ground  on  which  Venioe  slands  is  a  litfk  ^^unh. 
Aquilma  was  once  close  to  the  sea.  It  ie^  aUeg^d  that  the 
sea,  on  the  other  hand,  makes  encroachments  upon  the 
coasts  of  Istria  and  Dalmlitia,  Columns,  and  pavements 
in  Mosaic,  tod  urns,  are  th^re  found  tinder  the  waters. 

The  western  coast  of  Italy  presents  within  a  small  space  Changes  in 
two  pheiioihena  of  6onttadictdry  appeartmce.    The  Pontine  ^^Tf  [hT 
inardies  ndw  cover  part  of  the  Appia/>h  Way,  whilst  in  the  Mediter- 
month  even  of  the  Tiber,  we  perceive  land  which  was  not**"^"^* 
there  in  the  time  of  the  ancient  Bomtos.     It  is  not,  how- 
eter,  the  sea  which  has  covered  the  Appian  Way,  but  the 
rivers,  which  the  negligence  of  the  modern  inhabitants  has 
suffered  to  be  choked  up  at  thdr  knouth.  In  the  same  way, 
if  the  renowned  villas  6(  the  ancient  Bfeii^  lUre  now  found 
buried  beneal!h  the  water,  th^  reaton  is  that  these  edifices,  . , 

once  the  abodes  of  luiury  and  ost^iltatiosi,  were  built  at 
the  first  in  tUe  midst  of  the  sed  ^. 

Upon  the  coasts  of  Spaaii  and  of  Frtace,  the  Mediter- 
ranean has  receded.    Aigae»«Mortes,  in  Languedoe,  was, 
in  the  thirteenth  century,  close  to  the  sea,  but  at  present 
it  is  two  kagues  distant^.     From  th^  mouth  of  the  Bhone 
to  Agde,  the  sea  has  lost  ground,  or  has  retired.     The 
port  of  Barcelona  becomes  every  day  less  deep.     Thus, 
without  entering  into  a  longer  detail,  we  may  say  that  the 
sum  of  known  additions  nlade  to  the  land  on  the  shores  of 
the  Mediterranean,  appears  to  be.  more  considerable  than 
the  sum  of  the  enaroediments  of  the  water.     But,  on  the 
one  bsn^,  we  are  totally. unable  to  compare  the  modern 
and  ancient  stiates  of  the  coasts  o£  Africa ;  andj^  on  the  other 
hand,  there  are  upon  the  Mediterranean  a  vast  number  of 
celebrated  harbdurs,  which  prelerve  e^cactly  the  same  level 

r  , 

'J^ianchi,  Specimi  wititt  Maiiiu.    Moro,  des  Cbangt^meaos  de  la  tcire,  ii. 
ch.  25. 

I  See  Peintures  d^HdCulaneuin,  torn.  Hi. 
i>  Strabo,  V.  2W,  edit.  Albelov. 
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of  waters  as  in  the  time  of  the  andents.  MandUe%  Genoa* 
Syracuse,  Navarin,  or  Pylos,  and  twenty  other  plaoes,  aie 
found  in  the  same  situation.     The  mins  of  Herculaneum 
touch  the  sea,  so  did  the  town  itself  in  the  time  of  Strabo ; 
there  is,  therefore,  no  reason  for  suppoong  a  general  dimv- 
nution. 
Changes  in      The  Athmtio  Ocean  has  made  some  additions  to  the  land 
Q^^    '^^upon  the  coasts  of  France,  and  has  ccmtributed  to  raise  the 
level  of  those  sandy  plains  which  reach  from  Bourdeaux  to 
Bayonne ;  several  bays  hare  been  fiUed  up,  and  the  Adour 
has  been  obliged  to  seek  a  new  opening  into  the  sea.    A 
district  between  La  Rochelle,  and  Lucon,  and  in  general 
all  the  fnarshes  of  La  Vendee j  have  been  gained  fiom  the 
sea^     The  small   bay  where  Mount  Michael  is  situate^ 
between  Bretagne  and  Normandy,  a]qpears  to  be  equally 
drying  up ;  but  near  Dob  the  sea  has  resumed  possession  of 
diose  lands  whidi  had  formerly  belonged  to  it. 
Changes         Varenius,  Lulof,  and  other  geographers,  have  described 
^P^  ^    the  quantities  of  soil  left  by  the  German  ocean  upon  the 
iloUaad.    coasts  of  Holland.    A  number  of  effects  of  different  kinds 
are  vidUe  here,  which  all  tend  to  the  same  result ;  and  we 
see,  above  all,  a  striking  example  of  those  changes  to  which 
the  action  of  the  sea  upon  the  land  a|^>ear&to  be  subject 
In  the  remotest  periods  to  which  history  extends,  these 
countries  were  immense  marshes,  for  which  the  sea  and  the 
rivers  contended  togeth^.     The  first  deposited  sand,  the 
second  mud :  thus  were  formed  the  more  elevated  ground^ 
which  were -in  some  measure  habitable.    These  ground, 
however,  being  sometimes  covered  with  water^  and  some- 
times left  dry,  belong  equally  to  both  elements.  .  Huauin 
industry  gave  a  steady  directicm  to  the  wandering  oourse  of 
the  rivers,  checked  the  fury  of  the  waves  by  immense  dykes, 
and  thus  created  a  country  even  in  the  bosom  of  the  ley^atenB. 
But  there  remain  lakes,  bogs,  and  marshes^:  the  rivbrs  si- 
lently undermine  these  ill-consolidated  grounds;  the  sea 
penetrates  them  through  the  large  openings  of  the  riversk 

*  La  Bretoimiere,  Statistique  4c  la  Vendee^ 
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Sereimt  grMt  tides  were  the  epochs  of  dreadful  disasters,  of 
whi(^  the  fdbwing  are  the  most  remarkable. 

The  Zugderssee  was  andently  sotlnng  but  a  lake  of  tri<« 
fling  extent,  which  flowed  into  the  sea  by  the  rrver  c(  U]ie, 
(the  Flamm  of  Tacitus,)  and  considered  as  a  branch  o£  the 
Rhine.  About  the  year  1850,  the  sea  made  an  irniption 
into  it.  '  Vast  tracts  of  land,  which  the  running  waters  a|qpa- 
rently  had  undermkied,  gave  way,  and  thus  the  Zuyderaee 
was  formed.  The  gulf  of  DoBariy  between  West  Frieas« 
land  and  the  province  of  Groemnguen,  was,  in  UOO,  a  fertile 
canton^  corered  with  deU^tful  meadows.  In  1481,  the 
united  force  of  the  sea  and  of  the  rivers,  destroyed,  near 
Dort,  7S  considerable  villages,  with  100,000  of  the  inhabit 
tants,  (as  it  is  said,)  and  formed  the  lake  of  Bie^bosch  K 

The  Danish  coasts  of  Sleswick  and  Holstein  present  achanget 
ifieotacle  nearly  nmilar.     There  the  sea  has  both  lost  and  ^^^ 
guned.     The  island  o£  Norcbtraud  waA  swallowed  up  in  coasts. 
1634 ;  that  of  Heligoland  sustained  great  damage,  in  the 
18th  century.    On  the  oAer  hand,  the  sea  brings  to  the 
shores  of  the  main  land  a  great  quantity  of  greasy  mud, 
bluish  clay,  and  sand ;  and  when  thes^nmbstances  have  ac* 
quired  some  consistency,  the  ground  is  enclosed  with  dykes. 
The  soil  thus  formed  becomes  so  fertile,  that  in  a  very  few 
years  it  indemnifies  the  cultivators  for  all  th^r  outlay. 
Upon  the  coasts  of  Jutland,  in  the  district  of  Thy,  the  sea 
has  filled  up  with  sand  several  gulfs,  which  once  afforded 
retreat  to  pirates,  according  to  the  ancient  history  of  the   . 
north ;  and  it  has  probably  formed  the  isthmus  that  now 
separates  it  from  the  gulf  of  Limfiordy  which  seems  to  have 
been  formerly  a  strait.     All  the  western  and  northern  coast 
of  Jutland,  (from  55  degrees  S4  minutes,  to  Cape  Skagen, 
57  degrees  and  about  40  midutes,)  appears  to  owe  its  for- 
mation  to  the  sea,  which  by  accumulating  sand,  has  made     - 
an  unbroken  coqst  of  what  was  once  a  chain  of  islands. 

The  inconsiderable  changes  which  have  taken  place  inDiminuiiQn 

^  of  the  Bal- 

tic. 

k  JLiulof,  Introduction  &  la  Geographie-Physique,  en  Hollandaii,  §  432, 
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Physical     the  Baltic,  .by  no  means  prove  a  general  dimimition  of  the 
rgunicn  s.  ^^^^^^  ^f  ^|^^|.  ^^^^  i^     NatuTaliats  have  considered  the  ahelk 

and  other  remains  pf  aniaials,  as  evidences  of  this,  general 
diminution  ;  .while  historians  hasve  endearoiucd  to  proye  it 
by  the  damming  up  of  ancient  harbours  and  straits.  These 
two  argitments  evidently  relate  to  two  different  epochs.  We 
have  seen  that  all  the  remains  4x£  animals  belong  to  ah  age 
when  man  did  not  exist.  As  to  the  records  of  history, 
which,  with  regard  to  Sweden,  commenced  only  with  the  9di 
eentury;  there  have  been  upon  some  coasts  of  Sweden,  ac- 
cumulations of  sand  and  gravel,  particularly  among  those 
labyrinths  of  rocks  by  which  it  is  in  a  great  measure  sur- 
rounded. These  accumulations  are  owing  to  the  violence 
of  the  currents,  which  at  the  same  time  are  very  variable ; 
but  the  gains  and  losses  of  this  sea  compensate  each  other. 
If  the  strait  opposite  Swedish  Pomerania  is  filling  up  to- 
wards the  north,  it  becomes  every  day  deeper  towards  the 
east.  In  general,  we  should  say  with  Browalliu8%  that  if 
a  thousand  observations  proved  the  diminution  of  the  wa.. 
ters,  one  single  observation  of  the  contrary,  would  be  suffi- 
cient to  reduce  these  observations  to  the  limits  of  a  local 
fact.  But  there  is  not  one :  there  are  a  hundred  contrary 
observations,  which  prove  that  there  has  been  no  general 
depression  in  the  level  of  the  Baltic  sea.  Oaks  of  the  age 
of  three  centuries,  growing  on  low  lands  close  to  the  sea ; 
castles  which' Iiave  existed  for  ages  in  places  which,  accord- 
ing to  the  hypothesis  of  Celsius,  must  have  but  lately  arisen 
under  the  waters,— these  are  the  facts  which  have  been  tri- 
iimphantly  opposed  to  the  computed  results  of  the  advo- 
cates of  desiccation.  Browallius  points  out  a  number  of 
places  even  upon  the  Swedish  coasts,  where  the  sea  has  be- 


'  Linnaeus,  de  Telluris  Habitabilis  incremento.  Amcenit.  Acad.  ii.  430. 
Id.  Veyage  de  Wcstrogothie,  d' A  eland,  de  Scanie,  &c.  OL  Celsius,  Ob- 
eervat.  Ac^uL  scieoc.  Succ  1743,  p.  33.  JJalin,  Hist,  de  la  Suede,  preface. 
Bergmann,  Geographic  Physique,  5*  section,  chap.  iii.  Femer,  Discours 
contenant  FHistoire  de  la  Dispute  sur  la  Diminution  des  Eaux. 
.  »  Brawallius,  Kecberches  Physiques  et  Historiques  sur  la  prctendue  Dimi- 
imtion  des  £aux,  &c.     Stockholm,  175G. 
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come  deeper.  I  should  add,  that  the  German  geographers 
commonly  assert  the  same  thing,  as  far  as  relate  to  the  Ger- 
man coasts  of  that  sea  ^ 

The  historical  arguments  in  favour  of  the  diminution  of  Historical 
the  waters  of  the  Baltic,  have  been  equally  overthrown. 
Some  have  insisted  upon  the  vague  language  of  Grecian 
and  Roman  geographers,  who  represent  Scandhmvia  as  a 
large  island ;  but  if  the  sea  had,  since  the  time  of  Pliny, 
sunk  sufficiently  to  make  the  soil  of  Finland,  elevated  from 
500  to  1000  feet,  emerge  from  under  the  waters,  it  would 
then  follow  that  Mecklenburgh  Holstein,  the  wastes  of  Ha- 
nover and  of  Westphalia,  and  the  island  of  Batavia,  now 
called  Betuwe,  grounds  elevated  only  from  2  to  400  feet, 
must  have  been  equally  under  water.  It  is,  however,  certain 
that  the  Roman  armies  carried  on  war  there,  and  that  Pto- 
lemy, at  the  commencement  of  the  second  century,  describes 
those  regions  in  such  a  manner,  that  we  recognize  their  ex- 
isting forms  with  very  few  changes. 

The  charts  of  the  middle  age  prove  nothing  in  favour  of  Maps  of  the 
the  diminution  of  the  waters.     In  the  convent  of  St.  Mi-  ^^^^^^ 

Age. 

chael  de  Murando  at  Venice,  there  is  preserved  a  map  of 
the  world,  which  was  made  by  one  of  the  monks,  whose 
name  was  Momro,  This  chart  had  been  made  with  the 
assistance  furnished  by  a  person  called  P.  Quirini,  who,  in 
1431,  had  sailed  to  Trondheim,  and  from  thence  had  tra- 
versed Sweden  by  land.  The  Baltic  is  there  seen  to  be 
more  extensive  than  it  is  now.  But  who  does  not  know 
that  upon  all  the  old  charts,  unskilful  designers  and  en- 
gravers have  rounded  the  capes,  contracted  or  extended 
the  islands,  and  marked  out  the  seas  according  to  their  own 
fisoicy  ?  How  can  we  allow  so  great  authority  to  general 
maps,  constructed  in  ages  in  which  there  was  not  one  special 
map  projected  with  any  care  ?  The  decisive  argument  in 
favour  of  the  stationary  condition  of  the  Baltic,  for  twenty 
centuries,  is  the  identity  of  so  many  names  of  provinces  and 
districts,  known  in  the  ancient  history  of  the  north,  with 
those  which  are  still  applied  to  the  same  places ;  the  resem- 

blancc  of  the  country  as  it  now  exists,  with  that  which  we 

s 
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read  of  in  ancient  history ;  the  ancient  celebrity,  in  Scandi- 
navia, of  countries  which  could  not  even  have  existed,  if 
we  admit  the  hypothec  of  Celsius,  the  absolute  silence  of 
popular  traditions,  and  of  ancient  Scaldic  poetry,  which 
would  not  have  failed  to  preserve  some  brief  recollections 
of  so  great  and  so  memorable  a  change.  In  short,  if  the 
Baltic  sea  has  diminished,  such  an  occurrence  must  be  re- 
ferred to  those  remote  periods,  involved  in  the  obscurity  of 
ages,  when  perhaps  some  very  great  catastrophe  caused  a 
general  drying  of  the  ocean,  which  covered  a  great  part 
of  the  earth.  But  if  such  a  change  has  taken  place,  it  is 
certainly  an  event  altogether  unconnected  with  the  order  of 
nature  under  which  we  live,  and  with  a  successive  diminu- 
tion  of  the  present  sea  °. 

Bimmiition  ^  ^^^  ^^^  ^hypothesis  may  be  proposed  with  regard  to 
oftheBal-  the  Baltic  sea.  We  may  attribute  solely  to  the  clearing 
doirins  of  of  Finland,  and  some  extensive  Russian  provinces,  as  well 
as  to  the  successive  destruction  of  forests  in  the  north,  a 
successive  diminution  in  the  quantity  of  river  water  flowing 
into  the  Baltic  sea ;  consequently  this  sea,  once  a  little  more 
elevated  than  the  northern  sea,  and  that  of  the  ocean,  will 
have  sunk  to  the  general  level  of  other  seas.  Not  only 
does  the  clearing  of  the  ground  sometimes  diminish,  and  at 
other  times  increase,  the  quantity  of  running  water  in  a 
country,  but  it  also  changes  the  atmospherical  constitu- 
tion; it  renders  it,  generally  speaking,  warmef,  conse* 
quently  it  augments  the  evaporation  which  daily  takes 
place  at  the  surface  of  the  waters.  We  think  that  this  ex- 
planation will  be  sufficient  to  account  for  all  the  changes 
which  are  observed  in  the  level  of  inland  seas. 

We  have  seen  the  effects  produced  by  the  Baltic  sea :  we 
have  seen  the  island  of  Hveen,  the  celebrated  residence  of 
Tycho  Brahe,  diminished  by  the  vi<dence  of  the  waves  ; 
whilst  a  few  leagues  from  thence,  near  the  southern  point 


new 
grounds; 


Local 

changes. 
£iample. 


"  Bring  (rince  named  LagerbrSng)  ^e  Fundamentia  Chronologu^  Saco- 
GothicflB,  p.  48,  60,  55,  73,  76.  Bhyzelius,  Episcopia  Sueo-Gothici^  ik  liSL 
Suhm,  £s(][uis8e  de  TOrigine  des  Feuples,  p.  11>  && 


rajTsrcAi.  gbogbaphy.  449 

of  Soairia^  an  iskind  is  formed,  composed  of  sand:  some 
grass  having  taken  root  there,  has  raised  and  consolidated 
it ;  and  it  increases  every  yeatr,  without  any  sinking  of  the 
neighbouring  sea.  The  straits  through  which  lakes  and 
inland  se^s  discharge  themselves,  may  be  compared  to  large 
tivej^s,  which  oft^n  expertenice  local  changes'  upoh  theit 
b^nks. 

The  froist  contributes  to  elevate  certain  parts  of  the  Bal- Effects  of 
fie  coast.     When  the  lakes.and  large  rivers  are  frozeti,  the*^*^"^*** 
porous  earth  which  borders  them,  forms,  with  the  neigh- 
boiiring  water,  one  single  mass  of  ice.     If  now,  waters 
which  are  not  frozen,  happen  to  join  the  mass  also  not  fro- 
zen, of  either  kkes  o^  rivers,  the  crust  of  ice  must  be  raised,' 
atid  the  frozen  earth  must  be  raised  along  with  it ;  the  void 
whidi  is  formed  below  these  rai^  masses  is  filled  by  mud 
and  gravel  from  the  bottoioa  of  the  lakes  and  rivers.     Thus 
Kfter  the  thaw,  the  porous  earth  is  left  lying  on  a  more 
elevatkl  level  than  it  had  at  first.     These  facts  may  be 
observed  every  year  in  East  Bothnia®.     The  marine  ice/ 
suddenly  broken  by  some  oscillaidbn  of  the  sea,  lifts  up 
whole  rocks,  and  carries  them  furthei"  upon  the  land.     Irf 
Sweden,  there  are  two  rocks  which  owe  to  this  cause  a  mor^ 
elevated  position  than  they  once  had  ^     Kalm,  who  has  Ofaservm- 
made  such  accurate  observations  on  North  America,  says,  ^y^^^^^ 
that  there  are  considerable  additioiis  made  to  the  land  in  the  America, 
pronnce  of  New  Jersey^  along  the  rivers,  but  he  attri- 
butes them  to  the  clearing  of  the  country.     Uncultivated 
ground  covered   with  roCks,   moss,   and  briars,   is  proof 
against  the  influence  of  running  water  ;  whilst  cultivated- 
land  presents  to  the  acti6n  of  the  water  a  surface  rendered 
moveable  by  the  plough,  and  decomposed  by  the  air  and  the 
sun,  the. small  and  light  particles  of  which  are  easily  carried 
along  by  the  waters.     This  observation  appears  to  us  ta 
be  very  correct,  and  perfectly  conformable  to  what  we  see 


^  Bergmann,  G^ognphie  Physique,  ii.  244,  sqq» 

p  RunebcYg,  Dissertation,  &c.  4ans  Ics  IMem.  de  rAcademie  de  Stockholm, 
1765. 
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in  the  north,  especially  in  the  clayey  and  muddy  groand  «. 
It  is  useless  to  enter  into  a  minuter  detail  concerhing  other 
quarters  of  the  world.  The  augmentations  of  soil  near  TV- 
hatna  in  Arabia,  and  the  alleged  submeraon  of  the  Bridge 
^  Aiam^  which,  it  is  said,  joined  the  island  of  Ceylon  to 
Indifi,  would  furnish  us  with  a  decided  contrast.  From 
the  Voyage  of  Nearchus  we  should  learn,  that  notwitb. 
standing  tb^  immense  tides,  the  coasts  at  the  mouth  of  the 
Indus  have  not  been  sensibly  changed  since  the  time  of 
Alexander.  Were  we  to  believe  the  Chinese  annals,  we 
should  on  the  other  hand  have  clear  proofs  of  the  progresrave 
desiccation  of  the  globe.  But  the  coasts  on  the  north- west 
of  Amcrkvi,  would  present  us  with  traces  of  the  encroach- 
ments of  the  ocean.  In  short,  all  the  facts  that  have  been 
collected,  when  carefully  examined  and  carefully  weighed, 
Genena  brhig  US  to  no  Other  concision  than  thi&«-*that  the  €^U 
tMiciuiioo.  j^  ^^  j^  completely  siaHofunyf  and  that  its  level  falls  and 
rises  from  local  and  temporary  causes,  without  any  change 
in  its  general  volume. 

If,  notwithstanding  this  historical  truth,  we  find,  on  the 
e^tinent,  and  even  at  a  considerable  height,  anchors  and 
Bemarkt  wrecks  of  vessels,  we  can  explain  these  phenomena  by  ad- 
^I^J*^^,^  mrtting  $,  tradition  reeorded  in  the  inspired  pages  of  Moses, 
^•hipi.  and  ably  defended  by  Deluc«  When  the  sml  of  our  pre- 
sent continents  formed  the  bottom  of  the  ocean,  there  ex- 
isted anotbw  continent  peopled  with  inhabitants;  a  eonti^ 
sent  which  disappeared  in  consequence  of  a  great  cata« 
strophe,  which  at  the  same  time  left  dry  the  existing  habit- 
able earth.  The  antediluvians,  therefore,  navigated  above 
the  level  of  our  present  fields :  they  pursued  the  whale 
where  we  now  reap  our  harvest ;  they  cast  anchor  upon 
^tur  mountains,  which  were  then  rocks  and  islands  in  the 
bosom  of  the  sea.  Whatever  may  be  the  fate  of  this  bypr. 
thesis,  Dcluc  has  clearly  shewn  that  these  ancient  wrecks 
cannot  establish  a  progressive  diminution  of  the  existing 
sea'. 

^  Kalm,  quoted  by  Browollius,  §  lOS. 

'  Deltic,  Letties  pbyMquet  ct  Morales,  u.  Lettrcs  89  et  dQ» 
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Let  us  now  contemplate  the  ravage  of  anotheir  element  v^olomoei. 
The  name  of  vctcano^  taken  from  that  which  the  Romans 
gave  to  the  God  of  Fire,  now  designates  those  mountmns 
which  vomit  forth  flames, .  smoke,'  and  torrents  of  melted 
matter.  The  chimney  through  which  the  smoke  and  melt- 
ed matter  issue,  terminates  in  a  vast  cavity  in  the  forin  of 
a  truncated  and  inverted  cone.  This  mouth  of  the  volcano 
b  termed  the  crater. 

The  eruption  of  a  volcano  is  a  most  frightful  and  most  Description 
majestic  phenomenon.  The  signs  which  are  the  forerun- °^!^^^ 
ners  of  the  explosion,  announce  that  the  invisible  combat 
of  the  enraged  eletiients  has  already  commenced.  These 
are,  violent  movements  which  shake  the  earth  afar  off,  pro* 
longed  bellowings,  subterranean  thunders,  which  roll  in  the 
flidea  of  the  agitated  mountain.  Very  soon  the  smoke^ 
which  is  almost  continually  emitted  from  the  mouth  of  the 
volcano,  increases,  thickens,  and  ascends,  under  the  form  of 
a  Uack  column.  The  summit  of  this  column,  yielding  to 
its  own  weight,  sinks  down,  becomes  rounded,  and  presents 
kself  under  the  appearance  of  the  head  of  a  pine  tree,  hav« 
ing  the  lower  part  for  its  trunk.  This  hideous  tree  does 
not  long  remain  immoveable :  the  winds  agitate  its  black-- 
ened  moss,  and  disperse  it  in  branches,  which  form  so  many 
trains  of  clouds.  At  bther  times  tb^  scene  opens  with  more 
brilliancy.  A  stream  of  flame  rises  beyond  a  collection  of 
clouds,  keeps  immoveable  for  some  time,  and  then  appears 
like  a  pillar  of  fire  which  rests  upon  the  ground,  and  threat-  ^ 

ens  to  set  the  sky  in  a  blaze.  A  black  smoke  environs  it, 
and  from  time  to  time  intercepts  the  dazzling  brightness. 
A  number  of  lightnings  appear  to  flash  from  the  midst  of 
the  burning  mass.  On  a  sudden,  the  brilliant  cascade  s<^ems 
to  fall  back. into  the  crater,  and  its  fearful  splendour  is  sucJ 
ceeded  by  profound  darkness.  The  effervescence,  how- 
ever, goes  on  in  the  interior  abysses  of  the  mountain ;  ashes, 
dross,  and  burning  stones,  are  projected  in  diverging  lines, 
like  the  spouts  of  fireworks,  and  fall  around  the  mouth  of 
the  volcano.  Enormous  fragments  of  rocks  appear  to  be 
heaved  against  the  skies  by  the  arms  of  the  new  Titans. 
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A  torrent  of  water  is  often  thrown  out  with  impetnos'ity, 
and  rolls,  hissing  over  the  inflamed  rocks.  There  is  then 
raised  from  the  bottom  of  the  crater  a  liquid  and  burning 
matter,  similar  to  metal  when  in  fusion.  This  fills  the 
whole  of  the  crater,  And  reaches  to  the  very  edges  of  the 
o^iening.  An  abundant  quantity  of  dross  floats  on  its  sur- 
face, which  ultimately  appears  and  vanishes  as  the  liquid 
mass  rises  or  falls  in  the  crater  where  it  seems -to  boil.  This 
scene,  of  so  majestie  a  character,  is  but  the  prelude  of  real 
iKsaslcrs.  The  liquid  matter  overflows^  runs  down  the 
Kiragrtof  gjj^  ol'the  volcano,  and  descends  to  its  base.     There  it 

the  lava. 

sometimes  stopr^,  and  appeara  like  a  fiery  serpent  recoiling 

upon  itself.     More  frequently  it  dilates  itself,  and  gushes 

out  ir(»n  beneath  a  kind  of  solid  crust  which  is  formed  up 

on  its  surface :«  i^  advances  like  a  large  and  impetuous  river^ 

destroys  whatever  it  meets  with  in  its  course,  flbws  over 

those  obstacles  which  it  cwmot  overturn,  passes  along  the 

ramparts  of  the  shaken  cities,  invades  a  ^pace  of  country  of 

several  leagues  in  extent,  and  transforms  in  a  xnom^il 

flourishing  fields  into  a  burning  flame.   Equal  ravages  may 

be  sustained^  though  the  liquid  matter  called  lava^  does  not 

issue  exactly  fiom  the  top  of  the  volcano :  it  is  sometimes 

too  compact  and  too  weighty  to  be  elevated  to  the  summit ; 

its  violent  efforts  then  oeea^on  new  ruptures  in  the  side  of 

the^  mountain,  through  whieh  the  igneous  torrent  rushes 

•ut'. 

OMj^pby      ^  great  chain  of  ignivomous  mountains  stretches  around 

Boct.         the  great  ocean.     Terra  del  Fuego^  Ghili^  Peru,  all  the 

^^^]^*^^cbain  of  the  Andes,  are  full  of  volcanoes^    We  distinguish 

the  ffiohe.    fti  Peru,  those  of  Arequipa  and  of  Pitchinca  ^  and  that  of 

Goto  Paxi,  whose  flames^  in  1738,^  rose  higher  than  2(j0(i 

feets  and  whose  exrplosion  was  heard  at  the  distance  of  1£0 


•  Plin.  jim.  Typist  fib.  ii.  p.  1(5.  t*indar.  Pyth.  I.  t.  ^5~^Q;  t'irg.  Eneidl 
Iir.  V-  611 — 682.  a^ud.  llapt.  Proseij).  I.  v.  151—176.  DeDa  Torres 
HbtcMre  du  Yesuve,  en  ItaKen*  Hamilton,  L«ettre$sur  ks  Eruptions  du  Ye**-. 
sure.  l>olomieUf  ]&Iemoircs  sur  les  ilrs  Ponc€8 ;  Id.  Yojage  aux  tle»  Uf 
pari,  &c.  &c  * 
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leagues,  if  we  may  givecnidit  to  the  Spaniards.  CMmho* 
rago^  the  highest  mountain  of  the  globe,  is  an  extinguished 
volcano ;  and  there  are  a  great  many  others.'  Humbo.dt 
has  seen  the  smoke  of  Antisand  rise  18,000  feet^  If  we 
pass  the  isthmus  of  Panama,  \»e  find  the  volcanoes  of 
Nicaragua  and  of  Gxiatimala.  Their-  number  is  infinite : 
there  are  some  which  are  covered  wiih  perpetual  snowj 
and  which. consequently  are  elevated  to  a  great  height.-— 
Then  c6me  those  of  Mexico,  properly  so  called  ;  namely, 
Orizaba,  Popocateipetl,  10,62{)  feet  high  ;  Jorullo,  which 
£rst  booke  out  in  1759,  and  several  others,  all  situate  un-^ 
der  tile  19th  parallel  of  latitude^.  California  contains  five 
volcanoes,  that  are  now  burning.  There  can- be  no  doubt, 
according  to  the  accounts  of  Cook,  la  Perouse,  and  Malas- 
ptna,  that  there  is  a  number  of  very  considerable  volcanoes 
en  the  north-west  of  America.  Mount  Saint  Elie  is  nearly 
16,300  in  h^ght ;  these  volcanoes  form  the  intermediate 
link  between  those  of  Mexico  and  those  in  the  Aleutian 
islands,  and  the  peninsula  of  Alaschka.  These  last,  which 
are  very  numerous,  both  extinct  and  burning  ^,  serve  to 
continue  the  chain  towards  Kamtschatka,  where  there  are 
three  of  great  violence.  Japan  has  eight ;  and  the  island  of 
Tormosa  has  several.  The  volcanic  belt  now.  becomes  im« 
mensely  wide,  and  embraces  the  Philippine  islancjs,  the 
Marian  or  Ladrones,  the  Moluccas,  Java,  Sumatra,  th& 
isles  of  Queen  Charlotte,  the  New  Hebrides,  and,  in  short, 
ail  that  vast  Archipelago  v/hich  forms  th^  fifth  part  of  the 
globe.  These  volpanoes  will  be  particularly  noticed  when 
ve  describe  in  detail  these  islands  in  which  they  are  found  ^ 

The  other  volcsgAic  chains  are  far  from  being  of  so  great  Volcanoes 
extent.     There  is  perhaps  one  in  the  Indian  Sea.     Thejl^*^^"* 
islands  of  Saint  Paul  and  Amsterdam,  the  formidable  voU 
cano  in  the  island  of  Bqurboo,  and  thejetsof  hot  water 

*  Humboldt,  Tableau  des  Regions  Equatoreales,  p.  121. 

n  Humboldt,  Essai  sur  le  Mexique,  liv.  iii.  ch.  yiU.  p.  253. 

*  Gmelin,  Description  de  la  Ilu9sie>  L  258. 

f  Stru^rdt:^  lotroducUon  a  la  Geographis,  (in  Dutch^  p.  67, 
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in  the  island  of  Madagascar,  are  the  only  known  links  of 
this  chain. 

The  gulf  of  Arabia  flows  at  the  base  of  the  volcano  of 
GebeUTckK  The  neighbourhood  of  the  Dead  Sea,  and  the 
whole  chain. of  mountains  which  runs  through  Syria,  have 
been  the  theatre  of  volcanic  eruptions.  We  may  be  allow* 
ed  to  connect  these  two  facts. 
Volcanoes  .  A  vast  volcanic  zone  surrounds  Greece,  Italy,  Germany, 
of  Eniopt.  ^j^j  France.  The  celebrated  revolutions  of  the  Grecian 
Archipelago,  and  those  new  islands  produced  by  submarine 
explosions  are  well  known.  The  summits  of  Mount  Etna 
are  next  descried ;  this  mountain  has  burnt  for  3300 
years',  and  it  is  surrounded  by  extinguished  volcanoes 
which  appear  much  more  ancient.  The  islands  of  Lipari 
seem  to  owe  their  origin  to  the  volcanoes  which  they  con. 
tarn.  Vesuvius  has  not  always  been  the  only  ignivomous 
mpuntmn  in  the  kingdom  of  Naples,  another  still  larger, 
but  extinguished,  has  been  discovered  near  Bocca  Fina\ 
The  Solfatara  is  ranked  under  the  same  class.  The  Fonce 
islands,  or  island  of  Ponza,  are  of  volcanic  origin ;  the  cata-. 
combs  of  Rome  are  excavadons  from  the  lava.  Tuscany 
abounds  in  hot  and  sulphureous  spring,  and  other  indica- 
tions of  volcanoes.  Arduini  observed  in  the  environs  of 
Padua,  Verona,  and  Vicenza,  a  great  number  of  extin- 
guished volcanoes.  Dalmatia  has  several.  It  was  long  sus- 
pected that  a  district  in  Hungary  nourished  subterraneous 
fires  in  its  bosom ;  the  eruption  of  a  volcano  has  recently 
evinced  the  truth  of  the  conjecture.  Germany  contains  a 
great  number  of  extinguished  volcanoes ;  the  best  known  of 
which  are  those  of  Kamberg  in  Bohemia,  Transberg,  near 
Gottingen,  and  those  near  Bonn  and  Andemach,  upon 
the  borders  of  the  Bhine.  The  southern  part  of  France, 
is  full  of  extinguished  volcanoes,  amongst  which  Mount 
Cantal,  the  Puy-de-Dome,  and  Mount  d'Or  in  Auvergne, 
^re  the  most  conspicuous  \ 

»  Guenau,  see  the  French  jiart  of  the  Collect  Academ.  vol.  vi.  p.  489. 
*  Scipione  Breidack,  Topogniphia  Campanue ;  and  le  Journal  de  Physiqiie 
*an  viii. 

^  Beroldingen,  Volcans  Andens  et  Modcrnes,  consider  s  physiquement,  &c. 
Maubeim,  1791,. 3  vols,  un  German.) 
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.  The  Western  is  not  like  the  Great  OcedD»  endreled  bjr  d  VtrfcamMi 
chain  of  ignivomous  mountAios^  but  it  contains  in  ita  bosom  I'^H*^  ^^ 
several  groUjpes.     If  the  principality  of  Wales,  the  island  Ocean, 
of  Staffa,  and  some  parts  of  Scotland  and  Ireland,  exhibit 
only  equivocal  proofs  of  the  existence  of  extinguished  volca^^ 
noes,  Iceland  presents  to  our  vidw  its  Hecla,  its  Kotlouguia^ 
and  several  other  volcanoes,  which  rise  from  the  midst  of 
perpetual  snow.    This  volcanic  focus  is  cHue  of  the  most 
active  in  the  globe;  the  very  bottom  of  the  ocean  is,  in 
these  re^ons,  agitated,  and  the  waves  often  heave,  ilp 
whole  fields  of  pumice  stone,  or  with  ccmvulsive  throes  ^ve 
birth  tp  permanently  new  islands.     Several  clrcudifttmicetf 
lead  tis  to  suppose,  that  there  ^re  some  vdcanoes  in  the  in- 
terior of  Greenland.     That  frozen  country  experiences  th« 
diocks  of  earthquakes* 

The  middle  of  the  Atlantic  Ocean  Qonceals  another  .vol« 
l^nic  focifs,  of  which  the  Azores  and  Canary  islands  have 
felt  the  effects.  The  Peak  of  Tenefiffe,  which  is  11,400 
feet,  is  the  most  elevated  volcano  in  the  old  WOTJd.  It  is 
very  probable  that  Lisbon  has,  in  its  vicinity,  a  submarine 
volcano. 

The  Antilles  probably  contain  9  whole  system  of  vol- 
canoes, parts  of  which  are  rpcognised  in  Jamaica,  Guada- 
)oupe,  and  Grenada: 

We  may  also  mention  some  volcanoes,  which  are  de^Seatteied  . 
tached,  or  which  belong  to  groupes  Jittle  known.  Such  aro^**^**"**** 
Mount  Elburtz  m  Persia,  the  extinguished  volcanoes  of 
Dadtuie,  discovered  by  Patrin ;  perhaps  some  volcanoes 
to  the  north  of  China.  That  which  is  seen  in  Fuego,  one 
of  the  Cape  Yerd  islands,  f^d  those  which  the  Portuguese 
authors  point  out  in  Guinea,  Congo,  and  Monomotapa. 

It  follows  from  this  geni^ral  survey  of  volcanoes,  thatc^enendi^* 
they  are  most  numerous  in  the  neighbourhood  of  the  sea,*^^ 
^d  in  islands,  Neverthdess,  there  are  many,  however, 
which  do  not  appear  to  have  any  communication  with  the 
sea.  Another  general  f^ct  is,  that  the  craters  of  volcanoes 
burst  forth  in  all  kinds  of  granitic,  schistous,  argillaceous, 
primitive  or  secondary  rocks ;  but  there  is  upthin^  to  throw 
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light  upon  antffher  que&tkm  much  more  interesting,  in 
what  species  of  rock*  or  earth  the  focus  of  these  immense 
and  awful  fires  is  placed  ?  The  solution  of  this  question 
involves  that  of  the  origin  of  volcanic  fire,  whidi  has  been 
so  long  and  so  keenly  i^tated. 
Origin  of  Bouelle,  Desmarets,  and  other  philosophers,  attribute 
Joi^  the'  origin  of  volcanic  fire  exclusively  to  the  inflammation  of 

bitumen,  [Ht-coal,  dossil  wood,  and  tutf,  or  peat  An  explana- 
tion more  generally  received  has  been  propo^d  by  Lemery, 
who  ascribed  the  volcanic  phenomena  to  the  spontaneous 
inflianmation  of  pyrites,  and  who,  by  a  striking  experiment, 
has  rendered  this  hypothecs  highly  probable.  He'ibrmed 
a  mixture  of  50  pounds  of  iron-filings  and  sulphur,  which, 
after  m(»stening  it,  he  buried  in  the  ground  at  a  certain 
depth ;  the  mixture  became  gradually  heated,  and  at  last 
took  fire  with  a  great  explosion  ^ 

Most  naturalists  combine  these  two  opinions,  con^dering 
pyrites  as  the  foundation  and  cause  of  volcanic  fire,  while 
the  vast  masses  of  bituminous  and  carbonaceous  schists 
^hich  are  often  met  with  stratified  in  the  same  rocks,  serve 
as  fuel  to  the  subterranean  fire,  which  becomes  extinguish* 
ed  when  it  can  find  ho  more  nourishment  ^ 

Difficulties,  however,  still  remain.  Fragments  of  gra- 
nite, which  the  volcanoes  project,  and  which  seem  to  indi« 
cate  the  place  of  their  focus  under  primitive  rock  itself; 
the  lon^  period  of  the  activity  of  certain  volcanoes;  the 
impossibility  that  the  neighbouring  earth  could  furnish  such 
copious  ejections  without  becoming  excavated,  and  sinking 
down;  the  inconceivable  force  with  which  heavy  maisses  of 
matter  are  prcgected  to  immense  heights;  and,  besides  the 
astonishing  force,  and  the  sudden  explosion,  the  peculiar 
nature  of  volcanic  fusion,  whiph  rarely  produces  vitrifica- 
tion, and  which  appears  oftener  to  digest  and  concoct  than 
to  bum ;  these  are  circumstances  which  have  led  not  a  few 

.  [ 

» 

•  Memoir  de  I! Acad  1700.  This  earperiment  has  been  Tepeated  bi  rioHaad. 
Journal  de  Physique,  1794i,  5iD6cabier. 

^  Bergmann,  Gcographie  Physique,  ii.  214,  220.  J  Vilas,  Observ.  sur  ks 
Mont.  p.  51.     Dclamdtherie,  Thcoric  de  la  Terre,  g§  iCll,  1020. 
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natuyalistft,  ^^i  versed  ia  KUc4i  dbie^atibns,  t6  Bup{)bse  that 
the  reservoirB  of  vcdeanc>es  exist  at  a  very  great  depth,  and 
that  their  activity  is  ovfing  to  more  general  causes,  such  as 
electricity 5  or  the  elastic  gases  inclosed  ^hin  the  bosom  of 
the  globe  •. 

•  Seluc  thinks  tfaiktthe  foctts  of  volcanoes  is  in  a  Oert^p  re-* 
sidue  of  the  primitive  fluid,  in  which,  according  to  him,  the 
earth  was  fomed,  and  that  the  volcanic  fire  is  of  a  diemical 
nature  very  different  from  that  of  all  known  fires'. 

We  come  to  a  dreadful  phenomenon  intimately  connect*  Earth- 
ed with  volcanic  eruptions— earthquakes,  those  convulsive  ^'^^ 
knovements  which  shake  the  surface  of  the  earth,  whether  in'  ^  • 
a  Aorizonftd  direction,  with  undulations  similar  to  thos^  of 
the  sea,  or  vertically^  when  a  part  of  the  ground  is  raised 
up,  and  the  other  part  sinks  down  as  into  a  gulf,  or  circu- 
larly ^  when  ponderous  masses  of  rocks  and  earth  revolve  ad 
it  were  on  a  pi\'ot.     The^e  are  the  three  kinds  of  piotion 
distinguished  by  Italian  writers  who  are  well  acquainted 
with  these  phenomena'. 

Earthquakes  produce  the  most  calamitous  effects :  they  Description 
often  change  the  surface  of  a  country  in  such  a  manner  ®J|''"'^" 
that  it  is  difficult  tp  recognise  it.  Enbsmous  gaps  appear 
to  discover  to  the  eyes  of  the  living  the  empire  of  the  shades.' 
These  fissures  emit  bluish  flames,  and  deadly  vapours ;  in 
the  course  of  ages  they  form  new  valleys.  In  other  places 
mountains  are  swallowed  up  or  overthrown ;  often  detach. 
ed  from  one  another,  they  glide  along  upqn  the  lower 
ground, -and  as  the  force  with  which  they  are  impelled  re^ 
doubles  at  every  moment,  these  ambulatory  rocks  bound 
over  both  valleys  and  hills.  Here  die  vineyard  descends 
from  its  height  and  settles  in  the  midst  of  fields  of  corn ; 


'  *  Bolomieu,  Jotttnal  de  Physique,  an.  tI.  p.  408.  Faujas  St.  Fond,  sur  les 
Volcsns  du  Vivarais,  id.  Min^ralog.  des  Vokans,  id.  fssu  de  Geologie,  11^ 
402. 

'  Delus,  Lettr^  4  Blui|ieAbaGfa»  ^e. 

a  Bertrand,  sur  les  tremblemena  de  la  tene.  Dolomieu,  Memoirs  sur  le 
tremblement  de  la  Calabre.  HamiltODj  &c  &c.  Bartels,  Letties  sur  la  Cala- 
bre. 
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tber9f  farmt  with  their  gardens,  lifted  wUhottt  aepAratitig^ 
beoome  attached  to  distant  Tillages.  Iki  one  quarts,  new 
U&ss  are  formed  in  the  midst  of  the  earth,  in  another,  roeks 
hitherto  invisible,  suddenly  rear  their  wet  summits  from 
the  bosom  of  the  foaming  sea.  Springs  are  stopped,  rivers 
disappear,  and^  lose  themselves  under  grouted;  others, 
ehoked  up  by  fragmjents  of  rocks,  spread  out  into  vii&t 
marshes.  New  springs  gush  oat  from  the  splattered  sides 
of  the  mountab,  indpient  rivers  struggle  with  youthful  im- 
petuosity, and  endeavour  to  hollow  out  a  channel  for  them- 
selves amid  the  ruins  of  towns,  palaces,  and  temples, 
of  What  makes  earthquakes  still  more  dreadul  is,  that  there 
fPMAqiia|tp.^P^  no  signs  which  unequivocally  indicate  either  their  ap- 
proach or  their  termination.  They  happen  at  all  seasons, 
and  under  every  constitution  of  the  atmosphere.  A  subtcr^ 
iraneous  noise  indeed  is  their  infallible  forerunner ;  but  it  is 
fcarcely  heard  before  the  earth  gives  way.  ^Animals,  parti- 
cularly horses,  dogs,  and  fowls,  sh^w  by  their  teiror  a  pre* 
sentiment  '^  of  its  coming.  The  barometer  falls  extremely 
low. 

Earthquakes  act  with  astonishing  rapidity.  It  was  one 
single  shock  which,  on  the  5th  February,  1783,  overthrew 
Calabria,  and  destroyed  Messina  in  less  than  two  minutes. 
But  these  agitations  are  sometimes  r^eated  for  the  space 
of  months  and  whole  years,  as  in  1755. 
XKreeiioii  The  direction  qf  earthquakes  is  one  of  the  laost  remark-' 
of  mtlu  able  facts  in  physical  geography.  Sometimes  we  remark  a 
'^^  ^  pentral  pmnt  where  the  shocks  are  most  violent,  and  this 
centre  sometimes  change?  its  place,  as  if  the  subterraneous 
^rce  rebounded  from  one  point  to  another,  sometimes  we 
can  distinguish  a  certain  line  along  which  this  force  seanfl( 
to  move.  The  sphere  of  such  a  revolution  seems  often  to 
embrace  a  fourth  part  of  the  terrestrial  globe.  The  earth- 
quake which  caused  such  devastations  at  Lisbon  was  felt  ii^ 
Greenland,  in  the  East  Indies,  in  Norway,  and  in  Africa* 
That  of  1601  shook  all  Europe  and  a  part  of  Asia.    Ii^ 

^  Seneci,  JudiU  sat.  vL  l,  S9. 
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1 803  the  shock  was  felt  almost  simultaneously  at  Algiers, 
in  Greece,  at  Constantinople,  Bukarest,  Kiow,  and  MoSr 
cow. 

No  part  of  the  globe  appears  to  be  exempted  from  these  Genmlttf 
terrible  effects.  The  Alps  contain  no  trace  of  a  volcanic  ^^J*^** 
ngency,  and  yet  they  are  often  shaken  by  earthquakes^. 
The  silver  mine  at  Konigsberg  in  Norway  was  first  opened 
up  to  view  by  a  shock  in  1603 ;  the  frozen  zone  also  is 
ev&  subject  to  earthquakes.  Greenland  feels  frequent 
shocks ;  and  in  1758  Lapland  experienced  violent  commoi- 
tion. 

The  sea  often,  but  not  always,  shares  in  the  convulsions  Shakmgi  «C 
of  the  earth.     In  J.755,  the  waters  of  the  Tagus  rose  sud-^  "^ 
denly  to  30  feet  above  their  ordinary  level,  and  retired  im- 
mediately with  such  force,  that  the  middle  of  the  river  was 
observed  to  be  dry.     Four  minutes  afterwards  the  same 
phenomenon  recurred,  and  it  was  three  times  repeated. 

Similar  motions  occurred  the  same  day  at  Madeira,  at 
Guadaloupe,  and  at  Martinique.  In  the  earthquake 
Svhich  proved  destructive  to  Lima  in  1746,  the  ocean  had 
jsi  movement  of  the  same  nature;  but,  proportionate  to  the 
mass  of  water  which  was  thrpwn  into  agitation,  it  rushed- 
forwards  upon  the  land  for  a  space  of  several  leagues. 
All  the  large  vessels  which  were  in  the  port  of  Callao  were 
swallowed  up :  all  the  small  craft  were  driven  beyond  the 
town.  Navigators  assure  us,  that  ships  are  very  often 
dreadfully  tossed  by  a  sudden  and  convulsive  motion  in 
the  sea,  very  similar  to  those  which  shake  the  land.  These 
notations  of  the  sea,  perhaps  take  place,  though'  there  in 
no  corresponding  shaking  of  the  earth.  At  other,  timek 
they  are  the  effect  of  submarine  shocks  in  the  very  bottom 
of  the  ocean. 

The  causes  of  these  catastrophes  are  not  well  ascertain*  Cauies  of 
ed.     It  appears  that  there  are  several  concurring  causes,  ^^V 
of  a  very   different  nature.     Some  slight  shocks  arisei 
without  doubt,  from  fallings  in  of  the  ground,  and  subtcr« 

*  Collect.  Acad,  vol  vi;    Dclam4tlieric»  Theoric  de  la  Tcrre,  §  1057* 
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raneous  sinkings,  which  take  place  after  great  droughts. 
At  other  times  tti^  shocks  may  be  product  by  the  terres- 
trial and  atmospherical  electricity,  which  seeks  to  recover 
its  equilibrium.  These  phenomena,  the  reahty  of  which 
can  scarcely  be  contested,  depend  upon  the  temporary 
constitution  of  the  seasons.  The  most  geperajly  received 
opinion  attributes  earthqua}ces  to  elastic  vapours  cndosed 
in  subterraneous  cavities,  whether  they  iirise  from  the 
abundance  of  rain  collected  in  the  craters  of  volcanoes,  or 
are  disengaged  from  the  iiiflammahle  sulistances  with 
which  the  subterraneous  rivers  or  waters  of  the  sea  may 
come  in  contact ;  or,  finally,  are  extricated  by  the  fermen- 
tation of  that  subterraneous  fluid,  which  D^Iuc  supposes  to 
be  the  residue  of  the  saltwaters  of  the  globe.  Tt^se  va- 
pours become  diluted  by  hear;  and  in  seeking  ^n  oi^tlet 
they  raise  up  or  shake  the  earth  \ 

If  this  last  hypothesis  be  true,  as  many  circumstaqces 
lead  us  to  suppose,  the  Japanese  have  not  been  wrong  in 
saying  that  it  is  a  great  submarine  dragon  ^hich  raises  up 
the  earth  by  its  breathing.     A  similar  tradition  prevails  in 
the  mythology  of  the  Scgndinaviaps.     It  is  probably  in 
allusion  to  this,  that  Homer  has  given  to  Neptune  the  epi- 
thet of  Ennosigaios,  that  is,  he  who  shakes  the  ea^rth. 
The  raising     We  have  not  attempted  to  diminish  the  terror  ^hich 
JJP^*^     earthquakes  invariably  inspire,  but  we  must  however  con- 
tradict the  framers  of  systems,  who  have  exaggerated  the 
effects  with  the  view  of  exhibiting  in  them  the  sole  cause  of 
the  revolutions  which  have  happe|ie4  on  thp  surface  of  the 
globe.     There  is  po  example  in  the  ^records  of  authentic 
history,  of  any  land,  or  .consideraUe  islitnd  having  been 
formed  by  a  volcanic  eruption,  or  by  an  earthquake ;   the 
most  considerable  heaving  up,  which  is  known,  is  that  of 
the  volcanic  ground  of  JoruUo^  ip  Mexico,  which  took 
place  in  1759*     For  the  space  of  half  a  square  league, 
^amcs  were  observed  issuing  from  the  plain ;   fragment^ 
pf  burning  rocks  were  thrown  up  to  a  prodigious  height  \ 

^  P^uc,  Lettzes a  Biomenbachi pf  ISIf^lSi*  Vtfx^ c^tioQ 
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and  tbroVigh  a  thick  doud  df  cinders,  streaked  with  volca* 
nic  fires,  the  spectators  thought  that  they  saw  the  softened 
cru&t  of  the  earth  swelling  up.  In  the  midst  of  the  heaved 
up  earth,  which  is  about  500  feet  in  elevation,  severid 
thousands  of  little  volcanic  cones  arise,  sending  forth  their 
smoke,  and  occasioning  a  subterraneous  noise.  Amongst 
these  small  volcanoes  six  great  ones  rear  their  heads,  to  the 
height  of  about  1500  feet  above  the  ancient  level  of  the 
pbin*  * 

Strabo  speaks  of  a  piece  of  ground  being  raised  up  near  * 
Methane,  in  Greece,  to  the  height  of  seven  stadia,  which, 
taking  the  stadium  at  111 i  to. the  degree,  must  have  been 
more  than  2200  feet.  We  are  informed  of  a  volcano  of  con^. 
ffiderable  elevation  in  the  island  of  Timor,  which  sunk  en- 
tirely down,  leaving  in  its  place  nothing  but  a  muddy 
marsh  ^  It  follows  from  these  and  similar  examples,  that 
the  ground  which  has  been  either  elevated  or  swallowed 
up  by  the  volcanic  force,  consists  only  of  those  masses  of 
bunung  or  scorified  rocks,  which  form  the  chimneys  of  the 
volcano,  and  which,  when  projected  from  its  mouth,  almost 
immediately  fall  back  around  the  orifice  ^,   .     . 

Even  the  phenomena  of  Jorullo  accord  with  this  theory^ 
The  thoutends  of  little  volcanic  chimneys,  which  were  form- 
ing., at  the  same  moment,  presenting  the  appearance  of  a 
heaving  up  of  the  ground. 

All  that  has  been,  said  ba  to  islands  having  been  created  Of  the  new 
or  swallowed  up  by  volcanoes,  is  reduced  then  to  the  simple  ^J^!^* 
fhet  of  the  existence  of  submarine  volcanoes,  which  sdme^ 
tidies  elevnt^,  and  sometimes  destroy  the  edges  of  their 
crater. 

We  shall  elsewhere  develope  thiis  general  observation, 

when  we  come  to  trace  the  history  of  the  island  of  Santoria  ", 

the  best  known  example  that  there  is  of  these  kinds  of  re* 

volution.     We  may  safely  conclude,  that  the  islands  actual- 

t    .  •  •  • 

*  Humbolcit,  Essai  sur  la  Mexique,  240—258.    Ceroldingcn,  Volcans 
andMis  et  modemes,  I. 

>"  Deluc,  Traite  ^l^mentaire  dc  gealogie,  ^§  210— .214. 

"  See  in  a  subsequent  volume,  the  Description  of  Turkey  in  Europe. 
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Ij  created  or  destroyed  by  volcanoefl  can  be  only  of  very 
limited  extent,  and  that  the  pretended  catastrophes  of  At. 
lantis  and  Frislande,  of  wliich  we  have  given  the  trueex^ 
planation  in  another  part  of  this  Work,  cannot  be  ascribed 
to  volcanic  eruptions  by  men  accustomed  to  examination 
before  they  believe* 
Muddy  Nearly  allied  to  volcanic  convulaons,  are  erupiiom  of 

cniptions.    ffg^^^  ^  phenomenon  which,  from  time  to  time,  takes  |dace 
in  volcanoes,  but  which  occurs  also  independently  of  them, 
and  as  the  effect  of  causes  peculiar  to  itself.    Macctxluba,  in 
Sicily,  is  the  most  celebrated  amongst  the  terrtvommis 
niQU7itainSy  to  call  them  so.     In  its  ordinary  state,  mud, 
half  fluid,  is  observed  to  boil  up  in  the  craters,  or  funnek, 
which  terminate  each  of  the  small  protuberances  raised  up 
on  this  mountain,  or  rather  upon  this  clayey  hilL     Th^ 
mud  rises  in  half  globes,  and  falls  down,  afler  having  enut* 
ted  a  bubble  of  air ;  but  there  are  epochs  when,  after  a 
great  rain,  all  these  small  craters  disappear,  the  whole  mass 
of  the  mountain  ferments,  subterraneous  thund^s  are  heard, 
and  a  quantity  of  mud  and  stones  spouts  forth  to  the  height 
of  200  feet.     Not  far  from  Boulogne,  several  quagmires. 
The  Salaet.  called  the  iSsZ^^^,  situated  in  rising  grounds,  composed  of 
saline  and  alkaline  earths,  exhibit,  on  a  small  scale,  similar 
phenomena,  emitting  occasionally  smoke  and  flames^.    The 
town  and  port  of  Tamar,  in  the. Crimea,  upon  the  borden 
of  the  Black  Sea,  contain  several  hills,  whence  issue  muddy 
eruptions.   One  of  them  has  been  seen  to  dart  forth  flames. 
In  the  Crimea  also,  and  opposite  the  town  of  Temrak,  an 
island  was  raised  in  the  middle  of  the  sea  in  1799,  whk^, 
after  having  cast  forth  mud,  flames,  and  smoke,  disappear^ 
cd  under  the  waves. '  ttpon  a  tongue  of  land,. opposite  Ta- 
man,  there  was  a  hill,  called  in  Tartar  Kouk^Obo^  which  in 
1794  experienced  a  terrible  explosion.    A  column,  of^  a 
pale  red  fire,  shot  up  from  it,  to  nearly  300  feet  in. height,, 
jind  mud,  mixed  with  bitumen,  was  projected  to  the  dis- 

*  Doloinicu,  Voyage  aux  Islca  liipari,  in  fine.    Compait  Sp«Uaiizaai*<  • 
Voyagee,  v.  22?,  227,  Fiench  Iranslatunu 


tanoe  of  a  qiHurter  of  a  iQ^gqe  ^  Tb^  whob  ixppj^cUd 
mass  V8«  coipaputecl  tQ  amqunt  tQ  100,000  cqbic  feeU  Ae^ 
cording  to  Pallas  U  Qpn^isted  of  a  bluish  ^lay* 

The  Grotffingi  ov.Incr^iwng  MoufUains^  whi^h  are  met 
with  at  the  fool  qf  Caucas»$,  i^^ar  Bakow,,  and  n^ar  the 
mouth  of  the  river  Kur,  belong  to  the  pame  clas9.  They 
are  produced  hy  springs*  which  throiv  out  a  salt  daggy 
mud;  aud  in  this  manner  hills  above  400  feet  hi^  ar^ 
formed  \  Voleanpes  tbemselyeii  throw  out,  thoagh  wilsb 
greater  violence,  aubstancea  disaolved  in  water.  Those 
which  crown  .the  chain  of  the  Andes,  near  the  city  of  Quito^ 
emit  gnly  a  small,  portion  of  scoriae,  but  an  enormws  qu9^ 
tity  of  water  and  clay,  combined  witbcarbpn  and  sulphur  5.. 

These  examples  may  suffice  to  show,  that  the  eruption  of 
earthy  substances  in  watery  solution,  far  from  being  an  in- 
sulated  and  unimportant  phenomenon,  forms  even  to  this 
day  one  of  the  most  remarkable  sources  of  the  changes 
which  have  taken  place  on  the  surface  of  the  globe ;  and 
that  in  former  ages  it  probably  had  a  very  great  influence 
in  the  formation  of  our  mountains^  We  think  we  may 
ascribe,  if  not  to  the  same,  at  least  to  a  similar  cause,  the 
origin  of  the  coagulated  rocks  known  under  the  the  name  of 

It  is  thus  that  all  the  elements  of  nature  are  armed  for  ContliuioB. 
mutual  destruction.  What  are  those  revolutions  that  we 
behold,  in  comparison  of  those  which  must  have  operated 
together  in  the  creation  of  the  world,  and  which  perhaps 
are  one  day  destined  to  accomplish  its  final  destruction. 
May  not  those  stars,  those  suns  without  number  which 
guide  the  mariner  in  the  midst  of  the  pathless  deep,  be  in 
a  moment  extinguished  ?  May  not  this  arch  of  the  globe 
vhich  supports  us,  ^ve  way  beneath  our  feet  ?  Is  not  the 
equilibrium  of  the  seas  liable  to  be  subverted,  and  will 
not  the  foaming  billows  one  day  roll  over  these  continents 

9  Pallas,  Voyage  dans  la  Kussie  rn'ritliooale. 

4  Leich«  Voyages  cit^B  par  Georgi,  Desexiption  de  la  Russie,  I.  114. 

f  Humboldt,  Tableau  dei  regions  ^quatoreales,  130. 


i64  BOOK   EIGHTEENTH. 

whkW  ate  at  present  covered  mth  the  monuments  of  huniati 
industry  ?  liiay  hot  the  earth  approach  too  near  to  the 
sun,  und  be  swaUowed  up  by  it  like  a  drop  in  the  ocean  ? 
May  it  not  wander  into  those  remote  and  dreary  regions 
of  space^  where  the  solar  heat  is  too  feeble  to  support  the^ 
principle  of  Kfe  ?  How  frightful  would  it  be  to  exist  in 
the  midst  of  these  perfidious  elements,  in  the  bosom  of  this 
perishable  univeite^  without  the  consoling  thought  of  a 
mipreme  intelligence,  that  both  checks  and  wields  at  will 
the  formidable  and  blind  powers  of  nature?  It  is  only  the 
beUef  in  an  order  of  things  superior  to  matter,  in  a  moral 
world,  that  can  fortify  us  against  the'terirors  by  which' 
oiur  physical  existence  is  every  where  assailed.  '^ 
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Continuaiion  of  the  Theory  of  Geography.  View  of  Geo- 
logical  SyatemSy  or  Opinions,  regardirhg  the  FiyrmasHkm 
of  the  Globe. 

In  the  course  of  this  work,  we  have  seen  that  the  phy- 
sical geographer  cannot  refrain  from  connecting  together 
certain  facts,  which  frequently  recur,  and  deducing  from 
them  general  conclusions.  He  is  even  forced  sometimes  to 
present  facts  in  an  hypothetical  manner,  because  observers' 
have  furnished  him  with  their  remarks  under  that  form. 
But  physical  geography  affirms  nothing  which  is  not  esta- 
blished by  experience.  Systems  of  geology,  on  the  con- 
trary, have  for  their  professed  object  to  trace  the  progress 
of  unknown  revolutions,  by  the  assistance  of  monuments 
which  are  often  equivocal. 

The  authors  of  such  systems,  in  the  absence  of  positive 
facts,  do  not  scruple  to  call  in  the  aid  of  analogy,  and 
thus,  by  hypothesis  after  h3rpothesis,  they  analyze  and  re- 
compound  the  vast  globe  of  th€i  earth,  as  if  it  were  a  piece 
of  metc^,  which  the  chemist  could  fuse  in  his  crucible. 

We  shall  endeavour  to  prove,  that  this  pretended  sci- 
ence, or  speculative  geology,  promises  no  certain  results, 
since  it  oversteps  the  evidence  of  facts,  that  is,  since  it  de- 
viates from  the  sure  and  beaten  paths  of  physical  geogra- 
phy. 

In  the  first  place,  the  portion  of  the  globe  which  is 
known  to  us,  does  not  constitute,  at  the  very  utmost,  the 
thousandth  part  of  its  entire  mass.  Our  excavations  do 
little  more  than  scratch  the  surface  of  the  earth ;  our  geo- 

VOL.  I.  2  H 
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Insufficien-  logists  have  surveyed  with  attention  scarcely  the  half  of 
Seal  dbserl  Europe,  or  the  tenth  part  of  America  and  Asia ;  the  ob- 
yations.  servations  which  have  been  made  are  extremely  few ;  and 
yet  unbounded  scope  has  been  given  to  speculation.  We 
do  not  know  whether  the  interior  of  the  globe  is  composed 
of  substances  analagous  to  those  occurring  on  its  surface, 
or  consists  solely  of  a  mass  of  sand ;  whether  it  contains 
within  a  central  fire  which  continually  bums,  or  a  vast  re- 
servoir of  primitive  waters  ;  or  whether,  finally,  the  globe 
is  only  a  hollow  sphere,  filled  with  air  and  vapours.  As 
to  these  matters,  we  know  nothing  whatever,  and  can  by 
no  arguments,  astronomical  or  physical,  prove  either  the 
truth  or  the  falsity  of  any  of  these  opinions.  In  the  vast 
and  luiexplored  recesses  of  the  globe,  it  is  possiMe  Aat 
there  may  lie  concealed,  agents  so  active  and  so  powerful, 
tliat  to  tbem  the  various  revdutions  which  the  earth  has 
undergone,  may  have  been  the  work  only  of  ao  many  mo- 
ments. 

As  Idog  as  the  interior  of  the  globe  remains  unknown  to 
UB,  the  conclusion  which  we  may  draw  from  facts  observed 
on  die  surface^  can  be  no  more  than  probable  in  referenee 
to  these  facts ;  but  whenever  we  attempt  to  combine  the 
ccHicliisions  in  order  to  form  a  general  system,  their  uncer- 
tainty will  clearly  appear ;  for,  opposite  to  a  finite  sum  of 
probabilities,  however  strong  we  may  suppose  them,  there 
shall  arise  an  infinite  sum  of  unknown  terms,  cS  which  one 
alone  may  perhaps  be  sufficient  to  counterbalance  all  our 
probabilities. 
Value  of         It  is  in  vain  to  compare  geological  hypotheses^  with  those 
in  geoiM^  made  use  of  in  astronomy,  natural  philosophy,  and  che- 
mistry.    The  theory  of  attraction,  fi^r  example,  is  purely 
and  simply  a  mode  of  stating  a  fact  furnished  by  observa- 
tion ;  it  is  a  formula  for  computing  the  known  effects  of 
certain  unknown  forces,  as  to  the  nature  of  which  no  opU 
nion  is  exprescied;     But  the  authors  of  those  philosophical 
poems,  improperly  called  theories  of  the  earth,   will  not 
confine*  themselves  to  the  stating  of  facts ;  they  have  re- 
course to  mere  suppositions.     But,  what  is  more,  even  facts 


PHYSICAL    GSOGRAPHY,  467 

in  geology,  however  complete! j  they  have  been  established, 
eannot  be  expressed  in  mathematical  terms ;  they  are  in- 
capable of  being  subjected  to  calculation.  We  therefore  Abiue  of 
apprehend  that  chemistry  and  physics,  far  from  furnishing  jjjj^^"^ 
arms  to  extend  the  empire  q£  geology ^  must,  on  the  con- 
trary, disavow  the  premature  and  too  general  application 
that  has  been  made  of  some  theoretical  principles,  of  which 
philosophers  and  chemists  have  availed  themselves  only  in 
questions  of  doubtful  speculation.  Philosophy  may  admit, 
without  complete  proof,  the  existence  of  a  gravitating,  a 
ealoriic,  an  electrical,  a  magnetic,^and  a  galvanic  fluid,  when 
it  distinctly  perceiv.es  their  effects  in  a  number  of  carefully 
eonducted  experiments ;  but  does  it  follow  from  this,  that 
speculative  geology,  in  the  absence  of  such  perceived  ef- 
fects, may  lay  hold  of  these  principles  which  are  still  hy- 
pothetical, and  make  use  of  them  as  if  they  were  agents 
perfectly  known,  and  entirely  subjected  to  its  power  ?  And 
if  geologists  have  the  candour  to  own  that  they  know  no- 
thing whatever  of  the  part  which  the  different  etherial  or 
atmospherical  fluids  may  have  acted  in  the  primitive  for- 
mation of  the  earth,  is  not  this  the  same  as  owning  the  ab- 
solute impossibility  of  their  being  able  to  form  a  primitive 
history  of  the  globe  ?  The  theory  of  chemical  affinities,  or 
of  at<nnic  attractions,  has  furnished  us  with  some  just  ideas 
concerning  the  primitive  formation  of  solid  detached  bo.- 
dies ;  but  as  long  as  the  law  according  to  which  these  at- 
tractions decrease,  remains  unknown,  and  whilst  we  neither 
know  the  agents  nor  the  processes  which  nature  employs  in 
the  greater  number  of  cases,  the  chemist  can  impart  to  us 
no  pointive  and  precise  information  as  to  one  sin^e  opera- 
tion of  the  unknown  power  which  has  produced,  or  which 
sustains,  the  universe.  Still  less  can  he  trace  the  immense 
ctkain  of  its  (^rations,  the  last  link  of  which  is  attached 
to  the  throne  of  the  Almighty. 

The  strongest  argument  against  the  possibility  of  a  theo-Counection 
ry  of  the  earth,  appears  to  be  suggested  by  a  consideration  ^{ff^^^ 
of  that  admirable  system  of  celestial  mechanics  whose  un.  tial  mecha- 
aitcrable  laws  maintain  the  globes  in  their  respective  posi-  "^'^ 
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tious  and  their  mutual  dependence.  In  this  system  of  the 
universe,  so  completely  established  by  astronomy,  it  is  dif- 
%cult  to  conceive  a  derangement  of  any  part,  which  does 
not  sensibly  affect  the  whole.  But  speculative  geology  per- 
ceives nothing  but  derangements  and  convulsions.  The 
changes  in  the  situations  of  the  poles,  the  augmentation  and 
diminution  of  the  magnitude  of  the  earth,  the  immense  vc^ 
lume  of  water  which  held  ail  terrestrial  substances  in  a 
state  of  solution,  the  processes  of  defecation  and  refrigera- 
tion, and  many  other  great  revolutions  which  must  be  as- 
sumed in  constructing  a  theory  of  the  earth,  could  scarce- 
ly have  taken  place  without  altering  the  equilibrium  esta- 
blished by  universal  gravitation.  Besides,  as  all  the  globes 
of  our  solar  system  are  evidently  bodies  subjected  to  uni- 
form laws,  theories  of  the  earth  must  inevitably  degenerate 
into  cosmogonies.  Every  time  that  men  of  genius  have 
engaged  in  speculations  upon  the  history  of  our  globe,  they 
have  found  themselves  forced  to  extend  their  hypotheses, 
so  as  to  embrace  the  whole  solar  system ;  they  have  been 
gradually  led  on  to  the  discussion  of  questions  altogether 
beyond  the  limits  of  our  faculties,  such  as  those  concern- 
ing the  eternity  of  the  world,  and  the  essential  properties 
of  matter. 

Such  are  the  reasons  which  seem  to  us,  a  priori^  to  prove 
the  impossibility  of  establishing  any  gieneral  theory  regard- 
ing the  primitive  formation  of  the  globe.  Let  us  see  whe- 
ther a  review  of  the  various  systems  hitherto  proposed  by 
geologists,  will  lead  us  to  a  different  conclusion. 
Systems  of  Almost  all  geological  opinions  may  be  reduced  to  two 
geology,      great  classes,  the  opinions  held  by  the  Vulcanists,  and  those 

entertained  by  the  Neptunists. 
^.    ,,  ,         The  Vulcanists  tell  us,  that  the  earth  at  first  was  in  a 

The  V  ul-  .  .  . 

canists.  state  of  igneous  fusion ;  that  it  then  gradually  cooled,  and 
was  covered  with  water  only  at  a  subsequent  period.  Air 
and  caloric,  or  fire,  were  powers  which  gave  to  it  its  ex- 
isting shape.  The  land  was  heaved  up  by  an  internal  force ; 
the  irregularities  which  diversify  its  surface  are  the  effects 
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of  volcanic  eruptions ;  and  the  transported  soils  have  been 
formed  by  the  disintegration  of  the  higher  grounds. 

According  to  the  Neptunists,  the  earth  was  originally  iif  The  Nep- 
a  state  of  aqueous  and  cold  solution,  at  least  to  a  certain  ^^"^^^- 
depth.  SoUd  bodies  were  formed  by  desiccation,  precipi- 
tation,  crystallization,  &c.  The  primitive  ocean  has  retir- 
ed, or  rather  has  disappeared,  in  consequence  of  the  land 
giving  way  and  sinking  down  from  its  own  weight ;  the  ter- 
nary  soils  have  been  formed  in  the  bosom  of  the  waters. 

These  ideas,  more  or  less  extended,  varied,  and  com- 
bined, constitute  the  basis  of  all  the  theories  of  the  earth 
which  the  industry  of  Delametherie  has  been  able  to  col- 
lect^ 

The  Egyptians  appear  to  have  adopted  the  Neptunian  Ideas  of  the 
system.  According  to  them,  the  waters  had  covered  the  ^^syp^^*- 
whole  earth,  but  were  now  concealed  in  the  vast  cavities 
wh  ic  were  supposed  to  exist  in  the  interior  of  the  globe, 
and  from  which  they  were  one  day  destined  to  issue  forth. 
They  maintained,  that  a  great  island  or  continent,  called 
Atlantis,  had  sunk  in  the  bosom  of  the  sea.  It  is  to  Plato 
that  we  are  indebted  for  these  fragments  of  the  Egyptian 
system  \ 

It  appears  that  the  Hebrews  and  the  Chaldeans  held  the  Opinions  of 
same  opinions  as  the  Egyptians,  except  that  the  Chaldeans  ^^^^*^^*** 
believed  in  the  existence  of  a  central  fluid  similar  to  the  at-  brews. 
mosphere,  and  considered  the  globe  as  having  been  thrice 
covered  with  water — first  by  the  chaotic  waters,  and  then  by 
an  universal  deluge.     This  deluge,  according  to  the  Chal- 
deans, was  the  effect  of  a  change  in  the  axis  of  the  globe, 
oq<;:asioned  by  an  irregular  attraction  of  superior  planets. 
The  Hebrews  represent  it  as  the  work  of  omnipotent  power. 

The  most  ancient  writings  of  the  Hebrews,  attributed  to  Mosaic  tra- 
their  law-giver  Moses,  have  also  preserved  a  most  interest- ^*''**°* 
ing  tradition,  the  vestiges  of  which  are  plainly  to  be  traced 


■  Delametherie,  Theorie  de  la  Teire,  tome  v.  p.  280-533. 
^  Plato,  in  TimsBO,  ^id.  in  Cratea.     Manethon,   li^pit.  Natur.     Hecat.  de 
Fhilos.     Egypt  lib.  1. 
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amongst  many  other  nations,  namelji  that  of  six  geogo- 
nical  epochs,  or  a  successive  formation  of  the  globe.  If 
\he  Hebrews  speak  of  six  days,  and  the  Etruscans  of  six 
thousand  years ;  if  the  Indians  have  extended  these  epochs 
'to  millions  of  years,  this  makes  no  real  difference.  These 
expressions,  however  contradictory  they  may  seem,  being 
only  the  varied  phraseology  in  which  the  ancient  poets  and 
prophets  so  frequently  indulge. 

Deluc,  whose  iaith  in  Christianity  cannot  be  suspected, 
has  never  been  able  to  explain  the  geogonical  system  of 
Moses,  otherwise  than  by  taking  the  word  days  in  a  figu- 
rative sense,  for  some  indefinite  period  of  time.  Every 
theologian  knows,  that  to  explain  the  Hebrew  prophets, 
and  particularly  Daniel,  recourse  must  be  had  to  a  similar 
method  of  interpretation  «. 

It  is  obvious,  that  these  Neptunian  systems  have  bad 
their  origin  in  new  countries^  which  have  been  formed  by 
the  slow  or  sudden  retreat  of  the  sea,  such  as  Egypt,  Chat- 
dea,  and  the  borders  of  the  Gulf  of  Arabia.  As  to  the 
universal  deluges  which  happened  after  the  first  drying  of 
the  globe,  it  is  remarkable  that  they  are  generally  repre- 
sented as  sudden,  and  of  short  duration.  We  cannot  see 
how  such  revolutions  could  have  taken  place,  without  adopt* 
ing  the  idea  that  the  globe  of  the  earth  is  internally  hollow, 
and  that  the  dry  land  sunk  into  it.  Accordingly,  the  for- 
mation of  the  mountdns,  by  the  sinking  in  of  the  land, 
necessarily  forms  a  part  of  all  the  geogonic  systems  wbiidi 
proceed  upon  the  humid  plan. 

The  volcanic  system  equally  appears  to  have  originated 
with  some  Oriental  nations ;  for  the  Greeks,  who  embrao^ 
it,  derived  their  information  from  the  east.  To  this  sys- 
tem belongs  the  hypothesis  of  the  raising  up  of  the  moun- 

*  Compare  Dduc,  Lettres  a  Blumenbach,  1798.  Id.  A  Treatise  on  Geo- 
logy, 1809.  Geogony,  in  2  vols,  (in  German)  by  Silberschlag,  Berlin,  1780, 
contains  a  very  good  explanation  of  the  Mosaic  system,  regarded  in  a  hifitori- 
cal  p(nnt  of  view.  The  celebrated  Orientalist,  Eichhorn,  at  Gottingen,  has 
explained  it  poetically.  See  bis  Repertory  of  Biblical  and  Oriental  Literature, 
vol.  iv. 
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iams^  to  which  some  Hebrew  piojAets,  ik>6terior  to  Moses, 
appear  to  allude. 

Belus,  the  Assyrian  law^ver,  appears  to  have  admittcd^Vidcanisu 
that  the  earth  exists  periodically  in  a  state  of  universal  ^^'^'^ 
oombastion,  and  in  that  of  general  inundation  \  Accord- 
ing to  a  passage  of  Trogus  Pompeius  %  the  two  systems 
which  attribute  the  origin  of  the  WoAd  to  fire  and  to  wa- 
ter, divide  the  opinion  of  the  philosphers  of  the  east.  Those 
who  adopted  the  former,  thought  that  the  earth  had  slowly 
and  successively  cooled,  from  the  poles  to  the  equator ; 
their  antagonists  maintained,  that  the  sea  had  gradually  re- 
'  tired. 

The  ideas  of  the  Orientalists  furnish  the  Greeks  with  Neptuman 
the  foundation  on  which  they  have  reared  all  their  fanciful  ^^'^^^ 
geogonic  superstructures.     Thales  imported  from  Egypt 
the  Neptunian  system,  which  was  probably  that  of  all  the 
ancient  Greek  poets  and  mythologists.     Homer  seems  to 
adopt  it  ^. 

From  Aristotle  and  Plutarch  we  learn,  that  these  an- 
cient Neptunists  founded  their  system  on  one  sin^e  prin- 
ciple, humidity ;  because,  from  humidity,  animals,  plants, 
and  eveh  fire,  appear  to  derive  their  origin*.  Were  not 
these  ancient  philosophers  as  far  advanced  in  knowledge  as 
oiir  own  modem  g^logists,  who  say,  that  a  watery  solu- 
tion has  alone  been  able  to  hold,  ^  in  a  dissolved  state,  all 
the  solid,  liquid,  and  fluid  bodies,  whose  union  composes 
the  globe  and  its  atmosphere  ? 

The  description  which  Lucretius,  Virgil,  and  Ovid,  give 
us,  of  the  first  formation  of  the  terrestrial  globe,  contain  all 
tl^  princnpal  ideas  of  the  modern  Neptunian  theories ;  so- 
lution in  a  vast  fluid,  or  in  chaos,  chemical  precipitation  by 


'  Berosus,  ap  Seneca,  QiuBSt  Nat  UL  c  99. 

•  Justin,  Hist.  Epit  lib.  ii»  cap.  i.     Cicero,  De  Nat.  Deor.,  i.  Qoaest. 
Aead.  It.  Sen.  Qusat  nat  iii.  13. 

t  Iliad,  xiv.  846. 

f  Axistotlet  Metaphjs.  lib.  L  cap.  3.    Comp.  id.  MIteoioL  1. 14^    Flut.  ^ 
de  placitis  Fhilosophoruni,  b.  i.  c  3. 
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attraction  or  affinity,  mechanical  precipitation  and  deposi- 
tion, and,  at  last,  coagulation  and  consolidation. 
^^Vlietlier        "^^^  number  of  Grecian  philosophers  who  attribute  the 
^ehave  ori^  of  the  earth  exclusively  to  elementary  fire,  does 
pore  Yul-  not  seem  to  have  been  considerable ;  for  we  cannot  affirm 
2™^  "*     that  such  was  the  opinion  of  Pythagoras,  although  he  look- 
ed upon  the  soul  of  all  beings  as  a  particle  of  divine  fire. 
The  obscure  Heraclitus  was  the  first  who  said,  that  ^<  fire 
had  formed  all  things,  and  could  destroy  all  \     The  stdcs, 
according  to  Cicero,  should  have  been  of  this  opinion,  but 
Seneca  declares,  on ,  the  contrary,  that  they  regarded  wa- 
ter as  the  principle  of  the  world.     Besides,  when  Heracli- 
tus sud,  *^  that  the  earth  was  the  thickest  sediment  of  fire, 
that  water  was  earth  dissolved  by  fire,  and  that  water  in 
the  state  of  vapour  formed  air  'y^  it  is  evident  that  he  did 
not  think  of  the  system  of  the  Vulcanists;   he  intend- 
ed only  to  found  a  general  system  of  corpuscular  philo- 
sophy. 
PhQofiophy      '^^  Same  remark  holds  with  respect  to  those  who  ascrib- 
of  atoms,     ed  the  creation  of  the  earth  and  the  universe  to  the  con-, 
course  of  particles  or  atoms  scattered  in  the  immensity  of 
space.     In  the  atoms  of  Democntus  and  Epicurus,  which 
adhered  to  one  another  by  means  of  some  small  inequali- 
ties of  shapes,  which  served  as  a  kind  of  crotchets  or  hooks, 
in  the  corpuscles  which  prefer  and  attract  each  other,  in 
virtue  of  their  similar  nature  ^   we  recognize   the  fun- 
damental principles  of  our  theory  of  chemical  affinities,  and, 
consequently,  of  our  most  modem  and  most  celebrated  sys- 
tems of  geology.     The  union  of  atoms  is  evidently  the 
same  thing  as  the  simple  attraction  of  particles ;  and  whe- 
ther we  say  these  corpuscles  chuse  to  unites  because  they  are 
of  a  similar  nature,  or  these  particles  tend  to  unite  by  an 
elective  attraction,  all  the  difference  consists  only  in  the 
greater  or  less  precision  of  the  expressions. 

^  Dio  Laert,  lib.  ix.    S.  Jiudn.     Parcenet   ad  Gnecot.     Stob.  Fhysic. 
fidog.  i.  c.  13. 

1  Flut.  de  Placit.  PhUosoph.  i. 

^  Paresque  cum  paribus  jungi  res,  &c.  Lucret. 
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The  idea  of  Franklin,  who  makes  every  thing  to  origi-  System  of 
nate  from  air,  had  been  broached  by  Anaximenes  of  Mi-^g^*^™*" 
ietu%  whose  opinions  are  without  doubt  misrepresented  by 
the  contracted  minds  of  those  who  accuse  him  of  atheism^. 
The  Greeks  did  not  rest  satisfied  with  these  general  sys- 
tems ;  they  formed  hypotheses  of  a  more  definite  character, 
founded  upon  facts  supplied  by  the  physical  geography  of 
the  countries  then  known.  The  flowing  out  of  the  lakes 
or  marshy  pools  which  covered  Thessaly  before  the  forma- 
tion, or  rather  before  the  enlargement,  of  the  valley  of 
Tempe  ™,  suggested  the  idea,  that  all  the  inland  seas,  and 
specially  the  Pontus-Euxinus,  or  Black  Sea,  had  been  ori- 
^nally  inclosed  lakes,  to  which  some  violent  revolution  had 
opened  an  outlet.  Xanthus  and  Strato  having  observed 
that  the  soil  of  Upper  Asia  contained  sea  shells,  justly  con- 
cluded that  these  countries  had  been  covered  with  sea  wiu 
ter  '^ ;  but  when  Strato  attempts  to  explain  this  phenome- 
non, which  is  common  to  all  the  globe,  by  supposing  a  lo- 
cal cause,  by  the  existence  of  an  ancient  inland  sea,  formed 
by  the  union  of  the  Pontus  Euxinus  with  the  Caspian,  he 
falls  into  one  of  those  paralogisms  which  appear  to  be  al- 
most hereditary  in  the  pretended  science  of  geology.  We 
shall  prove,  in  the  proper  place,  that  such  an  inland  sea  has 
not  existed  since  the  cominencement  of  historical  times. 
The  general  revolutions  which  may  have  been  caused  by 
the  breaking  up  of  the  great  lakes  and  interior  seas,  must 
have  taken  place  long  before  the  existence  of  the  human 
race ;  and  the  deluges  that  have  been  occasioned  by  a  de- 
rangement of  the  sea,  belong  to  an  age  far  beyond  the 
reach  of  history.  This  is  completely  proved  by  the  oc- 
currence of  animal  remains  °.  But  the  soil  of  Greece,  from 
its  very  nature,  must  ha^e  frequently  given  way  and  sunk 


»  Plut.  de  Pladt    Stob.  i.  c.     August,  de  Chr.  Dei,  viii.     2.  Cic.  de  Nat. 
Deor.  L 

»  Herod.  viL  129,  130.     Strab.  ix.  667.    Almel.  Lucan,  vi.  364,  &c. 

n  Strab.  Geog.  i.  35.    Aim. 

^  See  above,  Book  XI 1.  near  the  end. 
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down,  and  consequently  the  country  must  bare  frequently 
Deluge  of  experienced  local  inundations.     The  deluge  of  Deucalion 
^dOff^res.  <1^^'^^  Thessaly,  especially  the  mountainous  cantxm  nam- 
ed Hellas  P;  that  of  Ogyges  overwhelmed  Boeotia*.     Po- 
pular  tradition  naturally  referred  to  those  disasters  which 
had  ravaged  whole  provinces,  every  ancient  inundation,  the 
i^membrance  of  which  was  preserved  in  any  district.  Thus 
a  single  opening,    of   inconsiderable  extent,   was  shewn 
in  Attica  as  the  Junnd  by  which  all  the  waters  of  Deuca-« 
lion^s  flood  were  drained  away  '•   Twdve  or  fifteen  centuries 
after  the  epoch  assigned  to  these  events,  historians  began 
to  collect  these  scattered  traditions,  and  to  compose  from 
them  highly  finished  descriptions  of  pretended  universal 
dduges,  unknown  to  more  ancient  authors'.     Other  Greek 
writers,  dissatisfied  with  these  sudden  revolutions,  these  erup- 
tions and  deluges,  invented  the  hypothesis  of  the  gradual 
Hypotheau  drying  up  of  the  sea.    Aristotle  charged  them  with  draw* 
d^^*    ing  a  false  conclusion  from  authentic  facts.     "  It  is  true,'' 
of  the  sea.    said  that  great  naturalist,  <^  that  several  countries,  formerly 
covered  with  water,  are  now  reunited  to  the  mainland,  but 
the  contrary  also  happens ;  the  sea  has  made  several  erup- 
tions ^    The  hypothesis  of  alluvial  additions  to  the  land 
was  also  proposed.     Polybius  imagined  that  the  Pontus 
Euxinus,  or  Black  Sea,  would  be  filled  up  by  the  mud 
which  the  rivers  conveyed  into  it  *" ;  but  two  thousand  years 
have  been  insuffident  to  fulfil  this  geological  prediction. 
The  waters  of  the  river  Pyramus,  in  Cilicia,  have  made 
no  addition  to  the  o|^site  shores  of  Cyprus,  as  the  oracle 
had  foretold.     Lastly,  some  of  the  Greek  philosophers  at- 
tributed to  volcanic  eruptions  efiects  much  mote  consider- 
able than  those  for  which  we  have  any  historical  evidence. 


p  Apollod.  L  c  7.    Arist  MeteoroL  L  14. 

4  Vano,  de  R.  R.  iii*  comp.  Fr^ret.  Memoiie  sur  les  DMuges  d'Ogyges 
et  de  DeucalioD.    Academic  des  InscrqitionB,  t.  xxiiL  p.  139. 
'  Pausan.  L  cap.  18. 

•  Diod.  y.  49.    Ludan,  de  Dea  Syria.    Plut  de  Solert  anini. 

*  Arist,  loc.  cit 

"  Polyb.  Hist  1.  iv.  cap.  40,  42.    Edit  Gronov.  i.  p.  428,  4S3.. 
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Strabo  imagined  that  they  coufd  raise  and  swallow  up  whole 
countries ;  and  he  mentions,  as  a  proof,  two  towns  in  the 
Peloponnesus  that  were  overwhelmed  by  an  earthquake  *. 
Thus' do  we  discover,  among  the  ancient  Greeks,  the  germ 
of  all  the  theories  of  modern  geology,  and  the  same  dispo- 
sition to  confound  facts  belonging  to  different  epochs,  to 
exaggerate  phenomena,  and  to  deduce  general  conclusions 
from  local  facts. 

Amongst  the  moderns,  PiUisst/ "wbb  the  first  to  unfold  Ideas  of  Pa. 
correct  ideas  respecting  fossil  shells;  he  protested  against ^^' 
the  misconceptions  of  those  who  were  for  considering  them 
only  as  the  sportive  productions  of  nature ;  he  even  v^itur- 
ed  to  maintain,  that  these  fossil  remains  of  marine  animals 
were  too  abundant  to  have  been  carried  into  the  places 
where  they  are  found,  by  a  sudden  catastrophe  resemUing 
the  deluge  described  by  Moses  y.     Sterum  demonstrated  Ideas  of 
anew  these  truths,  which  were  of  too  bold  a  character  for  ^gg^g "' 
the  age  of  Palissy,     Proceeding  still  farther,  he  acknow- 
ledged that  the  strata  of  the  earth  must  have  been  formed 
as  deposits  in  a  fluid,  and  that  mountains  owe  their  origin 
to  the  subsiding  and  rupture  of  strata  originally  horizon- 
tal*. 

Burnet,  a  man  of  great  talents,  but  who  had  not  care-  System  of 
fully  observed  phenomena,  constructed  the  first  oom]:dete  f^^™®^ 
theory.     Before  the  deluge,  says  he*,  the  surface  of  the 
earth  was  a  level  plain,  with  neither  mountains  nor  valleys. 
All  substances  were  disposed  around  the  centre  of  the 
globe,  according  to  their  specific  gravity,  the  water  every^ 
where  occupying  the  surface.     The  oily  substances,  how- 
ever, being  lighter  than  water,  formed  by  degrees  an  upper 
layer,  which  enveloped  the  waters  and  the  whole  of  the 
globe.     Upon  this  extremely  fertile  crust,  the  antediluvian 
generations  lived  in  perpetual  spring.     The  deluge  made 

<  Smb.  ].  54,  edit,  de  1620. 

'  Enqrdop^die  Method.    Geeognphie-Fhysique,  u  art  Palissy. 

*  Stenon,  Dissert  de  Solido,  intra  solidnm. 

•  Theoria  tclluris  sacra,  &c.     London »  1681. 
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every  thing  change  its  appearance ;  the  crust  became  dry, 
and  the  accumulated  waters  struggled  agmnst  this  light  co- 
vering; it  burst  and  sunk  into  the  abyss  of  waters.  This 
changed  the  aids  of  the  globe,  and  consequently  the  tem- 
perature of  its  climates.  The  edges  of  the  crust,  set  up 
agfiin  in  several  places,  formed  our  present  mountains.  It 
is  unnecessary  to  shew,  that  this  system,  founded  solely 
upon  the  observation  of  floating  islands,  is  altogether  in- 
sufficient  to  explain  the  origin  of  those  hard  and  heavy 
rocks  of  which  our  mountains  are  composed. 

Descartes^  and  Leibnitz^  take  a  still  bolder  flight,  ima- 
ging that  the  earth  is  a  small  sun,  covered  with  an  opake 
crust,  which,  by  sinking  down,  gave  birth  to  the  mountains. 
Leibnitz  considered  the  whole  mass  of  the  globe  as  having 
been  vitrified ;  an  idea  quite  untenable,  although  Buffon 
has  been  carried  away  with  it. 

Another  arbitrary  theory  was  proposed  by  Whiston^. 
This  astronomer  considers  the  earth  as  a  comet,  which  has 
forsaken  its  original  tract,  from  a  cause  which  he  does  not 
specify,  to  revolve  in  the  orbit  of  a  planet.  Being  no  longer 
subject  to  the  extremes  of  heat  and  of  cold,  the  chaotic 
matter  of  this  ex-comet  was  precipitated  according  to  the 
laws  of  specific  gravity.  A  part  of  the  primitive  heat  of 
the  comet  was  preserved  in  its  centre ;  this  centre  was  sur- 
rounded by  water,  the  exterior  crust  of  the  globe  was  of 
uncommon  fertility,  and  the  inhabitants  lived  for  centuries. 
But  the  excessive  warmth  had  the  efiect  of  inflaming  their 
blood  i  they  became  so  impious,  that  the  Creator  was  com- 
pelled to  destroy  them  with  a  flood.  For  this  purpose  he 
caused  another  comet  to  approach,  which  enveloped  the 
earth  in  its  immense  tail;  and  as  the  tail  of  a  comet  is  com- 
posed of  vapours  and  water,  (who  dares  to  doubt  it?)  the 
temperature  of  the  earth  was  considerably  diminished.  Be- 
sides, the  attraction  of  the  comet  disturbed  the  equilibrium 


>>  Principes  de  Philoeophie,  Part  iv.  No.  2. 

*^  Protogse,  in  act  erud.  1683. 

^  A  New^Theory  of  the  Earth.  [Lond.  1708. 
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of  the]waters  in  the  interior,  and  thus  occasioned  a  violent 
flux  and  reflux  in  their  mass.  The  exterior  crust  of  the 
earth  being  violently  shaken,  sunk  down  in  one  place,  and 
cracked  in  another.  In  this  way,  an  universal  deluge  took 
place.  The  comet,  after  executing  the  will  of  the  Creator, 
receded ;  the  waters,  recovering  their  equilibrium,  entered 
again  into  the  subterraneous  cavities,  which  had  been  suf- 
ficiently enlarged  to  receive  the  waters  of  the  comet.  The 
coldness,  and  othekr  bad  qualities  of  these  waters,  have  re- 
duced the  earth  to  that  degree  of  barrenness  and  exhaus- 
tion which  we  now  so  much  deplore.  This  hypothesis  of 
Whiston  has  often  been  revived  in  whole  or  in  part.  Do- 
lomieu  has  borrowed  from  it  his  principal  ideas. 

Woodward,  a  countryman  of  Whiston^s,  and  an  indefa-  System  of 
tigable  and  scrupulous  observer,  invented  a  much  more  mo-  jr^"** 
dest  theory  ^  He  admits,  that  all  terrestrial  substances 
have  been  in  a  state  of  aqueous  fluidity,  and  supposes  that 
the  whole  interior  of  the  globe  contains  an  abyss  of  water 
which  must  have  been  sufScient  for  the  purpose.  The  de- 
luge of  Moses  consisted  in  a  falling  down  of  the  crust  of  the 
globe  into  this  great  abyss,  the  waters  of  which,  according 
to  Woodward,  possessed  a  peculiar  dissolving  power,  which 
did  not  act  upon  shells  and  other  remains  of  the  animal 
kingdom.  It  is  evident  that  the  acuteness  of  Woodward 
led  him  to  perceive  the  impossibility  of  explaining  the  posi- 
tion of  so  many  beds  of  shells  in  the  midst  of  stony  masses 
by  the  occurrence  of  a  single  shortJived  inundation.  But  his 
dissolving  power  is,  according  to)iis  own  admission,  an  oc- 
cult and  miraculous  property.  An  intelligent  German,  Ca- 
merarius,  in  attacking  Woodward,  conjectures^  what  has 
since  been  demonstrated,  that  banks  of  shells  neither  have 
nor  could  have  been  transported  by  any  deluge ;  and  that, 
on  the  contrary,  the  animals  to  which  the  shells  belong  have 
lived  and  died  in  the  same  place  '.  Ii^  replying  to  Camera- 
rius,  who  states  his  opinion  in  a  manner  far  from  distinct, 

«  WoodwaTd*8  Essay  on  the  Natural  History  of  the  Earth,  1733. 
'  Camerarius,  in  Dissert.  Taurinens,  p.  236,  Tubing,  1712.  ^ 
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Woodward  asserts  th^  fact  that  volcaDic  eruptions  have 

^ven  origin  to  no  coiisiderable  mountain,  far  less  to  islands 

and  entire  countries  s. 

Tournefort,     We  shall  say  nothing  of  the  vegetation  of  stones,  the 

1700.        dream  of  the  celebrated  Toumefort,  nor  of  some  detached 

Scheuchzer,  propositions  of  Scheuchzer,  whose  genius  was  fettered  by 

1700.        ^Q  prejudices  which  attributed  all  the  changes  of  the  globe 

Fonteaelle,  to  a  single  deluge.    The  ingenious  Fontenelle  was  the  first 

^^^^'        who  had  the  merit  to  assert  that  more  revolutions  than  one 

must  have  contributed  to  model  the  sur£Eu:e  of  the  globe, 

and  to  heap  up  those  vast  ruins  which  surround  us  on  all 

sides.    • 

The  volcanic  system  found  at  this  same  period  several 

warm  and  able  defenders,  whom  it  would  be  wrong  to  pass 

ideM  of     over  in  silence.    Ray  imagined,  that  at  the  very  moment 

Bay,  ^^^0f  the  creation,  at  the  time  of  the  separation  of  the  humid 

and  solid  substances,  there  were  earthquakes  which  heaved 

up  the  mountains.     The  earth  gradually  emerged  irom  the 

waters  of  the  sea,  which  gave  to  the  marine  animals  time  to 

retire  into  the  bosom  of  the  ocean  \ 

Hook.  Hook,  while  he  supposed  that  strata  were  originally  form* 

17^^        ed  like  sediment  in  a  fluid,  admitted  the  occurrence  of  toU 

canic  eruptions  sufficiently  powerful  to  raise  up  extendve 

Laz«o      teacts  of  ground,  and  even  to  melt  and  calcine  them  ^    La. 

Moro,       zaro  Moro,  observinff  that  there  are  some  mountains  which 

1740  . 

contain  neither  the  remains  of  sea  animals,  nor  any/ marks 
of  stratification  S  attributed  a  volcanic  origin  to  all  the  se- 
condary mountains ;  these  are,  in  his  opinion,  flowings  of 
lava  which  have  had  their  origin  under  the  waters.  By  mo- 
System  of  difying  and  combining  these  difierent  ideas,  Raqpe  compos- 
^^^*  ed  his  volcanic  theory  of  the  formation  of  new  islands,  a  the* 
ory  which  many  distinguished  vuicanists  have  inaccurately 
copied  K 

K  Nataral  History  of  tlie  Earth,  Enlarged  and  Defended,  &c.  p.  115.  sqq. 
Lond.  1726. 

^  llay.  Three  pbyBxco-theol<^;ical  DiBCouxses,  p.  164,  Lond.  169?.    2d  edit. 

i  Hookii,  Oper.  Posthuin.  299,  SIO.  Edit  Lond.  1705^  ia  fidio. 

^  Laz.  Mo||p,  de  TOrig.  def  coquiUages  foniles,  ch.  12»  13.  1740. 

1  Raspe,  Specimen  historiae  naturalis  globi  terraquei  prsedpu*  de  novis  e  ma- 
li  natis  insulis.  Leipziek,  1763. 
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These  different  systems  were  completely  eclipsed  by  that  System  of 
which  was  created  by  Buffon,and  which  his  splendid  genius  f^^^* 
adcxrned  with  all  the  charms  of  poetry.    According  to  him, 
the  suns  and  comets  were  formed  as  we  see  them,  and  pto- 
jected  with  an  impetus  sufficient  to  carry  them  forward  in 
their  orbits.    But  about  96,000  years  ago  a  comet  fcU 
obliquely  into  the  sun,  and  detached  from  it  the  6S0th 
part*   This  entire  mass,  hurled  into  the  immensity  of  space, 
separated  into  fragments,  which  fonned  several  planets  of 
our  solar  system,  and  which,  from  their  rotatory  motion, 
acquired  a  spherical  shape.     Our  globe  was  in  a  state  of 
incandescence,  but  its  surface  by  de^ees  cooled  and  conso- 
lidated, retaining  however  many  immense  cavities.    Part  of 
the  vapours,  which  were  elevated  in  the  atmosphere,  con* 
densed  and  fonned  the  seas.    These  waters,  acting  upon 
the  solid  part  of  the  globe,  decomposed  a  portion  of  it,  and 
in  this  way  formed  the  land  and  stones.    The  waters  c^  the 
ocean,  attracted  towards  the  equator  by  the  tides,  brai^t 
with  them  a  vast  quantity  of  dissolved  substances,  "  and 
then,^  says  Buffon,  ^^  gave  rise  to  those  great  chains  of  maun* 
taina  which  ext^id  from  east  to  west.    Unfortunately  these 
chaiBS  do  not  exist ;  the  great  range  of  motmtains  which 
surrounds  the  globe  has  another  direction  "^;  so  that  Btdbn 
ia  to  blame  for  explaining,  by  a  suj^)osition  improbaUe  in 
itself  a  £EU3t  which  is  quite  imaginary.     But  let  us  proceed 
with  the  statement  of  his  theory.    The  primitive  waters  of 
the  globe  withdrew  into  the  cavities  of  which  we  have  al« 
ready  qpoken^  then  the  continuants  af^ared.    The  earth,  in 
the  space  of  43,000  years,  grew  so  much  cooled  that  ita 
surface  could  admit  of  the  existence  of  vegetaMes  and  ani- 
mals, which  started  first  into  beii^  about  the  pole,  and  gra* 
dually  spread  themselves  towards  the  equatorial  r^ons» 
The  secondary  strata  were  formed  from  the  decompositicA 
of  vitrified  substances,  mixed  with  marine  sediment;  ac- 
cessory causes,  such  as  winds,  currents  of  water,  volcanic 
eruptions,  and  earthquakes,  aflerwards  modelled  the  moun- 

^  SSee  Book  vii.  ^ 
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tains  and  the  valleys.  The  ocean  slowly  changes  its  shores  by 
its  general  motion  acting  against  the  eastern  coast,  which  it 
imperceptibly  destroys,  and  in  this  manner  may  have  seve- 
ral times  completed  the  tour  of  the  globe  ^ 

The  system  of  fiuflfon,  refuted  in  its  principal  points  by 
the  observations  of  naturalists,  is  no  longer  supported  even 
by  those  who  consider  fire  to  have  been  the  chief  agent  in 
the  formation  of  the  globe.     All  hypotheses  which  pretend 
to  explain  the  first  origin  of  our  globe,  and  the  manner  in 
which  it  was  projected  into  space,  are  now  regarded  as  chi- 
merical.   Geology  attempts  only  to  ascend  by  the  examina- 
tion of  physical  monuments  from  one  epoch  to  another,  un- 
til it  arrives  at  a  state  of  things  anterior  to  all  these  monu- 
ments ^    At  the  same  time,  the  rapid  accumulation  of  facts 
has  led  the  most  enlightened  men  of  all  parties  not  to  ex- 
clude any  particular  cause  P,—*a  principle  which  has,  in  part, 
produced  a  blending  of  diflerent  systems,  and  a  mutual  to- 
leranoe  for  moderate  opinions. 
Theory  of       The  theory  which  is  now  most  keenly  supported,  'is  that 
JJy^^'    ^,of  Deluc.     This  philosopher  supposes  that  the  earth,  and 
all  the  celestial  bodies,  were  masses  of  confused  elements,  in 
which  the  divine  will,  by  communicating  to  them  a  certain 
quantity  of  light,  produced  chemical  precipitations,  whence 
was  formed  the  crust  of  those  solid  rocks  whose  fragments 
we  see  around  us.     This  consolidated  crust  sunk  down  se- 
veral times ;  the  remaining  edges,  supported  upon  the  par- 
titions of  subterraneous  caverns,  formed  the  mountidns. 
The  waters  which  at  first  covered  the  whole  globe,  filtered 
down  into  the  central  parts,  where  the  ancient  chaos  always 
subsisted ;  then  appeared  the  first  continents,  of  greater  ex- 
tent than  ours,  but  suspended  above  immense  caverns; 
and,  before  they  were  enlightened  by  the  sun,  producing 
vegetables  of  a  nature  different  from  ours ;  the  remains  of 
which  form  our  coal  mines.     The  present  continents,  con- 


"  BufFon,  Theory  of  the  Earth,  in  the  Ist  vol.  of  his  Natural  History^ 
o  Deluc,  Elemens  de  Geologie,  §  10,  p.  11. 
P  Dehimetherie,  Theorie  de  la  Terre,  §  1700. 


PHYftfCAL  OXOGRAPHT.  481 

oealed  under  the  sea,  were  covered  with  deposits  of  shells; 
yolcanic  eruptions  spread  their  beds  of  lava.    By  a  general 
and  final  subading,  the  primitive  cmitinents  sunk  into  the 
recesses  of  the  subterranean  cavities.     The  sea  was  preci-£xpiaDa. 
pitated  upon  the  land,  and  engulphed  the  whole  race  of  the  ^y^^ 
inhabitants.    This  catastrophe  was  the  univ^rBol  dduge^  d^  deluge. 
scribed  by  Moses,  the  traces  of  which  are  to  be  finind  amongst 
almost  all  nations.    It  was  then  that  our  present  oonti- 
nents,  formed  beneath  the  ocean,  suddenly  arose  into  view. 
In  the  light  l&nds  of  these  continents  were  found,  buried  in 
promiscuous  heaps,  the  remains  of  quadrupeds  once  the  in. 
habitants  of  islands  which  had  sunk  down  before  the  univer- 
sal deluge,  and  the  skeletons  of  cetaceous  animals  which 
had  peopled  the  r  sea.     The  preservation  of  these  remaiiis, 
which  are  still  met  with  almost  entire  in  cold  countries,  and 
the  inconsiderable  thickness  of  the  beds  of  the  vegetable 
mould  formed  above  our  continents,,  unite  to  prove  that 
their  antiquity,  or  rather  their  appearance  above  the  wa- 
ters, is  not  to  be  dated  many  ages  beyond  our  own  ^. 

Such  is  the  theory  of  the  celebrated  naturalist  of  Geneva. 
The  principal  feature  of  this  system,  viz.  the  repeated  sub- 
sidings  supposed  to  have  taken  place  in  the  surface  of  the 
globe,  and  some  of  its  subordinate  details,  particularly  those 
regarding  the  origin  of  animal  remains,  have  obtained  for 
it  a  very  favourable  reception  among  philosophers.  There 
is  some  difficulty  in  conceiving  the  existence  of  the  vast 
cavities  in  which  the  antediluvian  world  was  engulphed; 
it  would  seem  that  this  idea,  borrowed  from  Woodward, 
has  been  introduced  into  the  theory,  solely  from  a  desire  of 
accounting  for  the  deluge. 

Some  naturalists,  who  admit,  with  Deluc,  that  the 
earth  was  formed  in  a  state  of  aqueous  fluidity,  differ  con* 
ceming  the  rank  they  assign  to  the  agents  which  have  pro- 
duced the  revolutions  and  ruptures  of  the  crust  of  the 
globe.     Saussure  sometimes  expresses  himself,  as  if  he  ad* 

4  Delue,  Letties  sur  1'  flutoire  de  la  Terre^  addiessfei  i  M.  Blumwibagh, 
id.  "Elknau  de  GkAopie* 

VOL.  I.  2  1 
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fldtted  heavings  up  of  the  earth  by  volcanic  fire,  <^  or  by 
other  elastic  fluids,^  in  order  to  explain  how  beds  of  gra- 
nite, which  serve  as  a  base  to  all  the  others,  have,  in  cer- 
tain places,  been  so  elevated  aa  to  form  the  summits  of 
mountains '.     But  the  idea  which  he  has  uniformly  main- 
tained, is,  that  of  very  violent  currents,  which,  by  a^tat- 
ing  the  ancient  sea,  drew  along  with  them,  to  a  great  dis- 
tance, the  fragments  of  primitive  rocks,  particularly  of  gra- 
nite, which  are  found  scattered  on  the  surface  of  ground  of 
secondary,  and  even  of  ternary  formation  S    It  is  difiELcuk 
to  conceive  currents  possessed  of  a  force  capable  of  rolling 
to  a  distance,  entire  portions  of  mountains,  even  though  we 
should  suppose  the  valleys  filled  up,  and  forming  an  inclin- 
ed plane.     It  is  more  natural  to  attribute  the  phenomenon 
in  question  to  marine  ice,  which  may  have  carried  these 
fragments  of  mountains  across  the  ancient  sea. 
Ideuof         The  celebrated  Werner,  while  he  attributes  a  great  in- 
Werner,     fluettce  to  the  subsidings,  thinks,  however,  thk%  various 
facts,  and,  amongst  others,  the  position  of  basalt,  are  explain- 
ed  only  by  .apposing  a  periodic!  inci«ase  and  dimmution 
of  the  mass  of  fluid  elements. 
Ideas  of         When  Pallas  explains  the  occurrence  of  the  remains  of 
im"'       elephants  in  Siberia,  by  imagining  a  general  overflow  of  the 
waters  of  the  Indian  Ocean,  which,  according  to  him,  would 
have  covered  and  traversed  the  upland  plain  of  Central  Asia, 
as  they  rolled  from  south-east  to  north-west,  he  has  recourse 
to  earthquakes  and  volcanic  eruptions,  to  produce  ^  extra-* 
.  ordinary  and  inconceivable  a  movement  K 
Theory  of       The  ingenious  Delametherie  has  composed  a  theory 
tfaeri™^     very  circumstantial  in  its  details,  and  supported  by  many 
1798.         facts,  in  which  he  endeavours  to  reduce  the  revolutions  of 
the  globe  to  chemical  laws,  without,  however,  excluding 
the  agency  of  mechanical  causes.    This  chemist  represents 
both  Ihe  mountains  and  the  valleys  as  having  been  formed 


'  Sansmre,  Vo]rage  dans  les  Alpes,  §  919. 

•  Id.  lUd.  §§  587, 1596,  fte. 

*  Pallas,  Observations  upon  the  Origin  of  Mountains,  p.  7i.  French.  Transl. 
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by  crystatlization  in  an  immense  fiuid>  trlneh  he  gets  rid  of 
hj  means  of  evaporation,  because  he  is  determined  to  coiH 
aider  the  central  mass  of  the  globe  as  a  solid  crystal. 

The  opinion  of  Deluc,  as  to  the  comparatively  recent  Conjee, 
date  of  our  continents,  has  been  adopted  by  a  distinguish- dJJJ^^^ 
ed  naturalist,  who,  without  constructing  any  geiiend  sysu  1794-1800. 
tem,  has  thrown  out  some  detached  views,  which,  however, 
are  very  fruitful  in  results.    Dolomieu,  it  would  appear, 
scarcely  fdmed  at  any  thing  more  than  to  disencumber 
Whistotfs  theory  of  some  of  its  hypotheses.     All  the  geo- 
logical agents  of  this  philosopher ;  the  solution  of  all  terres- 
trial substances  in  a  solvent  which  has  been  destroyed ;  the 
coagulaftion  c^  these  substances,  which  after  the  destruc- 
tion of  the  primitive  solvent  wei^  precipitated  and  cry&tatliz- 
ed,  so  as  to  form  a  crust ;   the  esfterior  cause^  whatever  it 
might  bey  which  breaks  and  pulverises  this  crust,  and  the 
tides  of  eighteen  hundred  toises  in  elevation,  which  set  in 
modon  the  whole  mass  of  waters,  swept  the  bottcmi  of  the 
seas,  raised  and  transrpcHted  banks  of  riieBs,  hoUowed  out 
tibe  Vf^leys,  and  BKxieHed  all  the  secondary  ground ;— -all 
these  agents,  we  say,  exist  already  in  the  theory  of  Whiston. 
It  is  even  difficult  to  ima^ne  the  possibility  of  all  these 
violent  and  sudden  revolutions,  ^thout  the  concurrence  of 
some  celestial  body ;   bat  as  eveiy  thing  proves  the  stabili- 
ty of  the  {danetary  system,  it  is  only  to  the  comets  that  we 
ean  have  recourse.    But  how  is  it  to  be  ptoved,  that  these 
comets  are  bodies  sufficiently  dense  to  exercise  such  force 
of  attraction  upon  the  lerrestiial  globe  ?   Tycho,  Galileo, 
Kepler,  Lahk>e,  and  Hersehel,  have  regarded  the  comets 
as  ethereal  meteors.     Thus  theories  of  the  earth  invariably 
terminate  m  questions  which  admit  of  no  solution ;   and 
all  that  we  kamfrom  studying  them,  is  to  distrust  them. 

'  <<  To  4isti:%»st  tJbem  !^  some  Scot^snen  will  exclimn,  as  they  System  of 
read  these  lines: "  No;  there  is  no  more  room  for  doubt,  since  h^!^^, 
Hutton  and  Playlw  have  discovered  the  true  constitution 
of  our  globe.    Do  you  not  know  that  the  present  continents 
are  wasting  away  by  the  action  of  die  dr,  of  gravitation 
and  of  flowing  waters ;  that  their  materials,  conveyed  to 
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the  coasts,  are  thence  scattered  by  the  different  movements 
of  the  ocean  over  the  whole  extent  of  its  bottom ;  that  a 
great  internal  heat  hardens  these  materials,  whence  is 
formed  a  mass  like  that  of  the  mineral  beds  of  which  our 
continents  are  composed ;  that  when*  this  slow  disintegra- 
tion has  destroyed  our  continents,  the  intemai  heat  ruses 
entire  the  beds  formed  at  the  bottom  of  the  sea,  in  conse- 
quence of  which  its  waters  are  spread  over  the  wasted  and 
demolished  continents,  and  new  continents  are  produced,  to 
be  subjected  in  their  turn  to  similar  di^ntegration  P  This 
great  process  of  the  alternate  production  and  dissolution 
of  continents,  has  akeady  been  frequently  repeated,  and 
no  limit  can  possibly  be  fixed  to  its  future  duration  ^^ 

Our  readers  will  of  themselves  perceive  how  very  con- 
trary this  new  system  is  to  the  evidence  of  facts.  We 
shall  only  beg  of  them  to  observe,  that  the  idea  of  the  for- 
mation of  mineral  beds,  by  a  subterraneous  process  similar 
to  that  which  Sir  James  Hall  has  exemplified  in  his  cele- 
brated experiments,  deserves  to  be  thorougly  investigated, 
independently  of  its  connection  with  the  Huttonian  sys- 
tem. 

Whilst  the  philosophers  of  Europe  were  discussing  the 
claims  of  these  theories,  the  new  world  produced,  or  rather 
revived  a  system  completely  different  from  all  of  them. 
H^thnii  Franklin,  like  Anaximenes  of  old,  supposed  that  not  only 
lin.  all  terrestrial  substances,  but  even  all  matter,  had  exists 

ed  as  an  elastic  aeriform  gas,  irregularly  diffused  through- 
out the  celestial  spaces.  Gravitation  began  to  be  felt; 
the  gaseous  particles  were  attracted  towards  various  cen- 
tres, and  formed  globes  of  air.  This  being  supposed,  it  is 
easy  to  form  a  conception  of  the  whole  of  Franklin^s  sys- 
tem. All  substances  are  capable  of  being  reduced  to  the 
aeriform  state,  therefore,  concluded  Franklin,  they  may 
all  have  been  produced  from  the  condensation  of  air,  and 
thus  must  have  been  formed  the  exterior  crust  of  the 


«  Fhyfinr'f  lUmtntioiiiof  the  Huttonian  theoiy  of  the  eaitb*    Edlnbinish, 
ISOt. 
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globe,  nifhich  in  this  system  is  merely  a  thin  solid  covering 
around  a  vast  elastic  fluid.  The  movements  of  this  central 
air  occasion  earthquakes.  This  system,  in  short,  is  not  a 
mere  satire  upon  the  theories  of  the  earth,  as  some  have 
supposed,  it  is  an  hypothesis  quite  as  rational  and  inge- 
nious as  those  of  the  geologists. 

After  having  traced  geology^  to  the  ethereal  regions.  New  hypo- 
what  have  we  farflier  to  do?  Shall  we  augment  the  num- ****"* 
ber  of  systems,  by  endeavouring  to  shew  that  the  earth 
was  once  surrounded  by  a  ring  like  Saturn,  and  that  the 
falling  in  of  this  celestial  vault  gave  rise  to  that  chain  of 
mountains  ^  which  occupies  the  ridges  of  the  great  conti- 
nents, and  thus  forms,  as  it  were,  a  belt  to  the  globe  ? 

*  See  Book  vii.  p.  177.  of  this  woik* 


486  BOI^K   TWEMTISTH. 


BOOK   XX. 


Continuation  (fihe  Theory  of  Geography.    Of  the  Earth, 
considered  as  the  residence  oforga/nic  beings. 


SECTION  I. 


or  TBS  OBOORAPHICAL   DISTRIBUTION  OF  VEGETABLES. 

We  have  decomposed  the  terrestrial  globe  into  its  solid, 
liquid,  and  aeriform  parts.  Let  us  now  proceed  to  the 
consideration  of  those  innumerable  beings  which  exhibit 
the  spectacle  of  life  upon  every  point  of  the  globe ;  which 
embellish  its  surface,  which  feed  upon  its  inexhaustible 
stores  of  nutricious  juices,  and  which,  by  one  common 
destiny,  find  in  it  a  thousand  different  graves.  These 
productions,  and  these  inhabitants  of  the  earth,  are  not 
scattered  over  it  by  the  hand  of  blind  chance;  general 
laws  have  assigned  to  each  class  of  these  organic  beings  its 
cradle  and  its  grave;  and  these  laws  it  becomes  us  to 
study  before  we  commence  the  description  of  the  different 
parts  of  the  world. 

Vegetables^  from  the  abundance  in  which  they  are  pro- 
duced, and  from  their  intimate  connection  with  the  soil, 
claim  the  first  rank.  It  is  for  the  botanist  to  examine  in 
detail  the  treasures  of  the  vegetable  kingdom ;  the  business 
of  the  physical  geographer  is  only  to  mark  its  general  ar- 
rangements ;  and  here  he  finds  abundant  reason  to  admire 
that  wisdom  which  presides  over  the  constitution  of  the 
globe  •. 

*  Humboldt,  Essai  nir  la  G^cgraphie  des  Plantes, '  Stromayer,  Specimeii 
Geographie  botanicae.   Gottingas,  1804.  Bergmann,  Geogtaph.  Phys.  Sect.  vL 
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The  toEpperatore  of  the  air  appan  to  form  the  mily  inftienoeof 
phyttcal  lunits  to  the  extension  of  vegetabk  mituiie.  The*^^ 
scale  dT  atmospherical  heat  serves  accordingly  as  the  onli-vcgetabS^ 
nary  scale  for  the  pro|^ress  of  veg^taticm.  Hence,  under  Ihe 
burmng  dimate  of  the  torrid  zone,  we  have  only  to  ascend 
the  moimtakis  to  enjoy  the  fruits  and  flowers  of  the  temp, 
perate  r^ons.  Tournefort  found,  at  the  base  of  Mount 
Ararat,  the  common  vegetables  of  Armenia ;  half  way  up, 
those  c£  Italy  and  France ;  and,  upon  the  summit,  those 
of  Scandinavia,  Forster  saw  sevend  aljane  plants  upon 
the  mountains  of  Terra  del  Fu^o^  If  the  vaUeys  of  the 
Andes  are  adorned  with  bananas  and  pafan  trees,  the  moc^ 
elevated  regions  of  that  chain  support  oaks,  firs,  barbemes^ 
and  a  number  of  kinds  common  to  the  north  of  Europe  ^ 
Man,  availing  himself  of  this  drcumstance^  has  transported 
and  disseminated  almost  over  the  whole  surface  of  the 
globe,  those  herbaceous  plants  which  supply  him  with  hi^ 
principal  nourishment.  Some  useful  plants  have  been 
rendered  common  to  every  climate  by  nature  herself. 
Antiscorbutic  vegetables,  so  salutary  for  die  mariner,  when 
languishing  from  the  long  use  of  salt  provisions,  are  met 
with  wherever  there  is  a  vestige  of  life.  Cresses,  succory, 
and  wild  sorrel,  are  found  upon  the  ever-frozen  banks  of 
Hudson's  Bay,  and  in  Siberia,  as  well  as  in  diose  blissful 
idands  which  are  scattered  in  the  midst  of  the  Pacific 
ocean  ^.  The  shrubs  which  produce  berries,  and  small 
fruits  agreeable  to  the  taste,  thrive  in  the  more  inhabited 
countries.  Even  in  Greenland,  the  currant  bushes  bear 
very  good  fruit.  Lapland  possesses  a  considerable  resource 
in  its  shrubs,  sudb  as  the  burberry,  the  dwarf  mulberry 
tree,  the  irild  wood  vine,  (viHs  idcecd)  and  others.  Nei-To  what 
ther  external  cold,  nor  the  absence  of  the  light,  entirely  JJ^jJ"** 
extinguishes  vegetable  life.  Caverns  and  mines  give  birth  cold, 
to  a  certain  number  of  ^ants,  particularly  to  those  of  the 


*  BfflBCTlaingqi,  p.  IM.  Cm  Gomaii.) 

«  Humbddty  Esm  sur  U  Geog.  doi  PkiUcs,  p.  Si. 

•1  Anderson,  Cook'i  Thiid  Vojpigey  purim. 
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cryptogameous  class  *•  Several  of  the  saxifragae  and  ranun- 
ealtts,  the  dwarf  willows,  as  well  as  all  the  lidiens,  like  the 
cold.  The  snow,  far  from  impeding  the  vital  functions  of 
these  vegetables,  secures  them  against  the  effect  of  frosts, 
and  furnishes  them  in  abundance  with  the  oxygen  which 
it  contains,  and  which,  by  increasing  the  vigour,  accelerates 
the  germination  of  the  seeds  ^, 

Bamond  has  proved,  that  plants  covered  by  the  snow 
for  several  years,  have  yet  continued  to  live  beneath  it'. 
The  organization  of  alpine  or  polar  plants,  admits  of  a 
growth  and  development  so  rapid,  that  a  few  w&rm  days  are 
sufficient  to  fructify  them  \  Perhaps  even  perpetual  snow 
may  be  the  abode  of  a  species  of  vegetation ;  at  least  Saus^ 
sure  has  discovered  in  it  a  kind  of  reddish  dust,  very  pro- 
bably of  a  vegetable  nature.  Patrin,  and  Sbkolof,  saw  in 
Daouria,  ground  covered  with  vegetables,  though  entirely 
surrounded  by  perpetual  snow'. 
Fhnti  ExU*eme  heat  checks  still  less  the  productive  energies  of 

JJ^^'^*^'^  nature  in  the  vegetable  kingdom,  provided  that  it  be  at- 
wftten.  tended  with  humidity.  We  see  plants  grow  not  only  upon 
the  borders  of  hot  springs,  but  even  in  the  bosom  of  those 
waters  which  seem  likely  to  destroy  them.  Examples  of 
this  kind  are  to  be  found  from  Iceland  to  the  Cape  of  Good 
Hope,  and  from  Kamstchatka  to  the  island  of  AmboynaK 
The  sulphurous  exhalations,  and  the  foul  air  of  volcanic 
caverns,  seem  to  exert  upon  vegetation  only  a  slow  and' 
limited  influence,  while  to  animals  they  prove  instantly 
fatal  \ 

•  Scopoli,  DisB.  ad  Scient.  Natur.  part  L  p.  84— 12a  HamboUU,  Flore 
Friberg.  sabterr.  &c. 

t  Hassenfratz,  Journal  de  r£coIe  Fdytechnique,  4*  cahier,  ao.  IV.  p. 
570—576. 

s  Ramond,  Observat.  p.  51. 

^  Martens,  V^oyage  to  Spitzbeigen,  p.  54.  (in  Gennan.)  Linnei,  Flocw 
Lapp,  prasf.  pi.  xx. 

1  Patrin,  Voyage,  p.  19. 

^  Olafsen  et  Povelsen,  Travels  in  Iceland,  (in  German)  ii.  p^  Si,  and 
181.  .  Krascheninikow,  Kamstchatka,  (in  German)  p.  91.  Sparman,  Voy- 
age,  (in  German,)  p«  142.    Labillafdiere,  torn,  i  p.  324. 

>  Soulavie,  Works  of  Hamilton  p.  24ff.   SmiUi*a  Tour,  &c.  ii.  p.  103.  ' 
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The  most  formidable  obstacles  to  vegetatioii  is  the  ab«  Moigtuie 
fuesace  of  humidity.    Look  to  those  sandy  deserts  under  the  ^^^ks. 
equator,  as  well  as  towards  the  Pole,  condemned  to  peipe- 
tiial  sterility.    Not  a  drop  of  rain  can  settle  on  such  a 
loose  «oil,  always  moving  with  the  winds:  Not  a  seed  can 
strike  root  into  it     It  is  unquestionably  to  causes  very  si- 
milar that  we  must  ascribe  the  nakedness  of  several  moun- 
tains ;  precipitous  sides,  or  fiat  sumnuts,  afford  no  shelter  to 
the  vegetable  colonies  which  the  winds  transport  to  them, 
whilst  on  other  mountains  under  a  colder  temperature 
several  plants  are  still  supported.    For  example,  the  shiv- 
ering  mountain  in  Derbyshire  produces  no  herbs,   be- 
cause its  sides  are  daily  decomposed  in  their  schistous 
plates,  which  are  constantly  gliding  down  to  the  bottom"*.  Prewoic  of 
The  pressure  of  the  atmosphere  exercises  a  striking  in-gpheze. 
fluence  upon  the  configuration  .and  life  of  plants.     In  ve- 
getables the  functions  essential  to  life  are  performed  chiefly 
at  the  surface ;  hence  their  great  dependence  on  the  me» 
dium  by  which  they  are  surrounded.    Animals  are  affected 
rather  by  internal  excitement,  and  acquire  of  t]|;iemselves  the 
temperature  which  suits  them.  Respiration  by  the  epidermis 
is  the  most  important  vital  function  of  plants;  and  this  func-  . 
tion,  in  so  far  as  it  is  subservient  to  the  evaporation  and  secret 
tion  of  fluids,  depends  on  the  pressure  of  the  atmosphere; 
on  this  account  the  Alpine  plants  are  so  aromatic,  so  downy, 
and  so  plentifully  furnished  with  secretory  vessels.     On  the 
contrary,  these  plants  grow  with  difficulty  in  the  plains, 
where  their  respiration  by  the  epidermis  is  impeded  by  the 
increased  pressure  of  the  air.  ^ 

The  chemical  nature  of  the  soil  manifests  its  influence  Chemical 
upon  vegetables,  rather  by  modifpng  their  juices,  their  ^fJlJJu"* 
fruits,  and  the  stateliness  of  their  appearance,  than  by  set. 
ting  limits  to  their  cultivation.     Common  salt,  however, 
dissolved  and  scattered  over  the  soil  in  considerable  quan- 

<"  Kuttner,  Beytraege,  &c  that  is,  M^m.  sur  TAngletene,  cah.  vii.  p.  20. 
?  Humboldt,  Tableaux  de  la  Nature,  il  p.  115.  n.  14. 
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tides,  almost  entirely  prevents  the  growth  of  vegetaUes  ^ 
The  fusion  which  lava  undergoes,  is  probably  the  only 
cause  which,  for  some  centuries,  has  retarded  the  progi«s$ 
of  vegetation  on  its  suifiioe^  whilst  the  volcanic  cinders 
raise  most  abnndant  crops  p.  In  general,  the  soil  serves 
only  aa  a  support  and  shelter  to  plants ;  they  derive  their 
nourishment  from  the  water  and  the  oily  fluids  which  aie 
collected  together  in  the  earth,  and  imbibed  by  their  roots. 
A  very  small  quantity  of  earth,  dissolved  in  these  fluids,  is 
absorbed  by  the  plant  Other  causes  also  contribute  to  the 
support  of  vegetable  life.  Plants  resfMre  through  their  air- 
vessels  the  different  fluids  of  the  atmosphere ;  the  presence 
of  light  especially  b  indispensable  to  the  chemical  operatioD, 
by  which  the  pabulum  or  food  of  the  plant  is  jja^wi^Jated 
into  its  substance.  The  elementary  eiurths  obtained  from 
plants  by  chemical  analysis,  appear  rather  to  be  the  pro- 
duct  and  remains  of  the  digestion  by  which  the  vegetable 
assimilates  its  food,  than  particles  immediately  derived  from 
the  surrounding  soil  i.  The  experiments  a(  M.  Schrader 
have  shown,  that  die  plants  which  vegetate  in  subhined 
sulphur,  give,  when  analysed,  the  same  earth  as  those  which 
Lands  grow  in  the  ordinary  way  ^  These  observations,  furnished 
]^d  in  ''^y  v^et«W«  physiology,  may  explain  why  the  siliceous 
plants.  eaxih  forms  so  large  a  portion  of  the  substance  of  jdants, 
although  the  calcareous  booIb  are  generally  covered  with  a 
more  vigorous  and  more  abundant  v^[etati(»i  than  the 
granitic  soils.  The  calcareous  earth  attracts  humidity,  dif. 
fuses  warmth,  and  supplies  the  plants  with  fised  air ;  but 
it  is  the  silex  which  predominates  in  the  best  vegetable 
earth '.  The  siliceous  matter  abounds  also  in  grasses,  and 
in  several  varieties  of  rushes.  There  have  been  found  in  the 
ashes  of  rye  straw  no  less  than  70  parts  of  silex  in  100  of 

o  Fonkal,  Plor.  Egypt  p.  45. 

V  HwniltoD's  Wofks,  p.  S3.    Brydone's  Teur,  vol,  i,  p.  116« 

*i  Senebier,  Encjl.  Method.  Veget.  FhysioL  voU  i, 

'  Schrader.  deux  M^moires  couronn^s  sur  la  nature  des  parties  terreusesdes 
plantcs,  Berlin,  1800.  (in  Germ.) 

•  Experiences  de  Fourcroy  dc  Giobcrt,  &c.  Encycl.  Nat.  PbysioL  VigeU 
Moh  i>  p.  376. 
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fftiftMr.  The  Joints  of  the  bamboo  contain  crystallizations 
of  fvate  silex  K  There  are,  however,  other  plants  which 
are  as  much  impregnated  with  calcareous  earth,  such  as  the 
Charavu^arkf  the  Hgpnum  crieta  tcbstrenmy  the  Nechara 
imdroide$f  and  several  cryptogamic  plants  ^.  Other  plants, 
such  as  tlie  Salsdla  kaU,  the  salioornia,  the  mesembry-anthe- 
mwn,  float  almost  in  a  soluti<m  of  alkalL  All  the  substaa^ 
ces  whidb  diemistry  procures  from  vegetables  are  reducible 
into  four  elements,  namely,  oxy^n,  hydrogen,  asote,  and 
carbon.  The  alkali  which  is  extracted  from  several  vc^e^ 
tables,  probidbly  owes  its  origin  to  the  azote.  Tannin,  the 
principle  of  astring^icy  which  is  found  in  the  bark,  the  roots, 
and  the  leaves  of  some  trees,  seems  to  be  carbon  in  a  par-, 
tieular  state.  Vegetable  physiokigy  is  full  of  uncertainty,, 
and  can  furnish  the  gecgraphy  of  plants  only  with  a  very 
limited  number  of  {»inciples. 

The  empire  of  vegetation  embraces  the  globe  firom  pole  Extent  of. 
topok^,  and  from  the  summit  of  the  Andes,  where  the  ^^^^^'^ 
lacb^i  creeps  over  the  hardest  rocks,  to  the  bosom  of  the 
Qeean,  from  which  floating  fields  of  aigm  and  fuci  rise  un^ 
seen.    Cold  and  heat,  light  and  shade,  fertile  lands  and 
polhlees  deserts,  every  place  and  every  temperature  has  its 
own  kind  of  vegetation,  which  thrives  and  prospers  there  \ 
Plants  of  the  cryptogamic  class  even  ntmiiy  upon  the  dazk 
vaults  of  mines,  and  upon  the  walls  of  the  deepest  caverns. 
The  course  which  vegetatbn  pursues  in  its  amquests  over  Progress  of 
inorganic  matter,  fn'esents  remarkable  gnulations.     <^  Let  a^^^^^^°°' 
volcano,^  says  M.  Humboldt,  ^^  raise  up  from  the  bottom 
of  the  sea,  all  at  once  above  the  boiling  waves,  a  rock  cover* 
ed  with  scoria ;  or,  to  refer  to  a  less  dreadful  phenomenon, 
siiqxpose  the  neimdes,  with  imited  industry,  continue  to  ele- 
vate their  cellular  abodes  for  thousands  of  years,  till,  finding 
themselves  above  the  level  of  the  sea,  they  die,  after  having 
in  this  way  formed  a  flattened  isle  of  coral;  organic  force 

*  Lampadius,'  Samluog  praktischer  AbhaudL,  ill.,  p.  187.  Dayy,.  Nichol- 
son, ToL  it  No.  27;  p.  66*  Made  and  Russd,  Philosoph.  Transact  vol. 
lxzz.and  Ixzxi. 

^  Homboldtt  Aphorism,  p.  105, 106. 

X  Linneus,  Amoenitat  acad.  vol.  iv.  p.  Si. 
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is  instantly  ready  to  produce  vegetation  upon  this  rock: 
yet  who  can  have  brought  there  so  suddenly  the  seeds  of 
plants  ?  Is  it  the  birds,  or  the  winds,  or  the  waves  of  the 
sea?  It  is  the  great  distance  finom  the  coasts  which  ren- 
ders it  difficult  to  decide  this  question.  But  scarcely  has 
the  air  come  in  contact  with  the  naked  rock,  when  in  the 
northern  climates  there  is  formed  upon  its  surface  a  net. 
work  of  tufted  threads,  which  appear  to  the  unassisted  eye 
like  coloured  spots.  Some  of  them  are  bordered  by  lines 
bending  outwards,  sometimes  single,  sometimes  double; 
others  are  cut  by  furrows  which  cross  each  other.  As  they 
grow  older,  their  bright  colour  darkens ;  the  yellow,  which 
shone  even  to  a  great  distance,  changes  into  brown,  and 
the  bluish  gray  of  the  lepraria  insensibly  acquires  a  tint  of 
dusty  black.  The  extremities  of  the  older  coverings  ap- 
proach and  mingle  together;  and  upon  this  dark  ground  are 
formed  new  lichens  of  a  circular  form,  and  of  a  dazzling 
whiteness.  It  is  thus  that  an  organic  net^work  is  wrought 
in  successive  layers.  Where  the  majestic  oak  now  raises  its 
aerial  head,  slender  lichens  once  covered  the  baore  rock.  Moss, 
grasses,  herbaceous  and  shrubby  plants,  fill  up  this  long  in- 
terval,  the  duration  of  which  cannot  be  calculated:  In 
the  torrid  zone,  the  portulaca,  the  gomphrena,  and  other  low- 
plants  inhabiting  the  shores,  supply  the  place,  and  produce  the 
effects  of  the  lichens  aqd  mosses  in  the  northern  climates.'*^ 

This  interesting  observation  tends  to  establish  certain 
epochs  in  the  history  of  the  successive  propagation  of  the 
plants  which  now  cover  the  earth :  Without  doubt,  where 
vegetation  had  already  thrown  her  verdant  mantle  over  the 
primary  and  secondary  mountains,  the  ternary  lands  might 
still  be  seen  scarcely  dried,  covered  with  muddy  slime,  and 
sown  with  some  languishing  plants,  rushes,  mosses,  and 
thick  bushes  of  osier  and  willows.  The  Greeks  alleged, 
that  men,  animals,  and  plants,  inhabited  the  mountains  long, 
before  they  spread  themselves  over  the  plains,  and  along  the 
coasts  7. 


'  Plat  de  liCg.  iii.  Oper.  ii.  p.  677.  Edit.  Sertan.  Aristot.  Meteorol.  iL 
13.     Strabo.  Geog.  i.  and  iii.  407.  ed.  Cas* 
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Tadtus  describes  Gennany  as  full  of  inaccessible  marsh-  Epochs  in 
es,  which  are  now  in  a  great  measure  dried  up.     Rudbeck^'^J^J^ 
himself  admits,  that  according  to  the  tradition  of  the  coun-  plants. 
try,  the  low  parts  of  Scandinavia  presented  the  same  as- 
pect '.  Thus,  history  appears  to  confirm  the  hypothesis  so  in- 
geniously developed  by  Lacepede  and  Ramond  ^ ;  accord- 
ing to  which,  we  ought  to  look  upon  the  great  chains  of  ' 
mountains  as  so  many  centres,  whence  vegetable,  as  well  as 
animal  population,  was  scattered  over  the  rest  of  the  globe. 

In  trudi,  the  chains  of  the  Alps  of  Mount  Atlas  and 
Mount  Taurus,  the  central  upland  plain  of  Asia,  that  of 
Southern  Africa,  the  Andes,  the  Allegany  mountains,  seem 
to  be  the  native  land  of  the  vegetables  which  cover  the 
countries  lying  at  their  base.  To  these  grand  centres  of  Primitive 
the  vegetable  kingdom,  the  progress  of  discovery  will,  ere**°*^®^ 
long,  add  the  upland  plains  or  chains  of  mountains  which 
are  supposed  to  occupy  the  interior  of  New  Holland  and 
the  north-west  parts  of  America. 

It  would,  we  conceive,  be  extremely  unwarrantable  to 
reduce  these  centres  of  vegetable  and  animal  life  to  one 
single  centre,  as  has  been  attempted  by  several  philosophers, 
led  away  by  an  undue  regard  to  mythological  traditions,  or 
to  their  own  interpretation  of  the  sacred  records.  Could 
the  organic  energy  by  which  matter  was  animated,  have 
acted  originally  only  upon  one  point  of  the  globe  ?  Would 
not  nature,  upon  the  banks  of  Senegal,  have  exercised  the 
same  power  as  upon  the  shores  of  the  Ganges?  Why  should 
com  have  sprung  up  in  Tartary  before  it  grew  in  Europe  ? 
Why  have  not  Spain  and  Italy  produced  wild  olives,  when 
Persia,  which  is  much  colder,  is,  covered  with  them  ?  The  Migration 
pretended  migrations  of  plants  are  very  much  exaggerated.  *  ^  *°^' 
We  are  willing  to  suppose,  for  example,  that  Europe  has 
received  wheat  and  barley  from  Tartary,  the  walnut  tree 
from  Persia,  the  olive  from  Syria,  the  vine  from  the  bor- 
ders of  the  Caspian  Sea ;  in  short,  we  accumulate  histori- 

*  Rudbeck,  Atla&tica,  i.  p.  45.  Toifra.  Hist.  Norweg.  i.  p.  111. 

*  Memoiies  de  Tlnstitttt  et  Annales  du  Museum. 
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cal  proofs,  to  shew  that  all  our  useful  plants  oome  from 
Ana^;  but  all  these  observatioDs  of  the  ancients  relate  only 
to  the  cuJtivixtion  of  a  plant,  and  not  to  its  ori^n.  Lu- 
cuUus,  without  doubt,  was  the  first  who  brought  from  Ce- 
rasus,  in  Pontus,  the  cherry  trees  since  cultivated  in  Italy; 
but,  in  relating  this  fact,  Pliny  tells  us  that  the  cherries  of 
Lusitania  were  the  most  esteemed  in  Bel^c  Gaul,  and 
that  Macedonia  produced  a  particular  kind  ^.  Would  he 
haye  spoken  in  this  manner,  had  the  cherry  trees  of  Ma- 
cedonia and  Lusitania  been  propagated  from  those  of  Pon^ 
tus  ?  The  same  author,  however,  seems  to  allow  that  the 
vine  was  indigenous  to  Gaul^.  Ancient  traditions  con- 
cur in  ascribing  the  first  cultivation  of  wheat  to  Sicily  or 
to  Attica,  a  cultivation  contemporary  with  the  first  attempts 
at  legislation  ^  A  kind  of  rye,  known  under  the  Celtic 
name  of  Arinca,  from  which  the  term  used  in  Dauphiny, 
**  Riguet,^  is  derived,  was  a  native  of  GauK. 

These  examples,  which  it  were  easy  to  multiply,  prove 
that  the  farinaceous  .plants,  and  in  general  the  vegetables 
of  Europe,  may  dispense  with  the  honour  of  a  foreign  eri- 
^n.  On  the  other  hand,  we  cannot  deny  that  the  migra- 
tions of  man  have  a  singular  influence  upon  the  geograj^- 
cal  extension  of  plants.  Not  only  has  man  intentionally 
carried  the  coiRse-tree  from  Arabia  to  the  West  Indies,  and 
the  potato  from  America  to  the  shores  of  Europe,  but  even 
the  accidental  introduction  of  a  foreign  grain  into  a  bale 
of  merchandize,  has  propagated  many  plants  from  the 
Brazils  to  the  environs  of  Lisbon,  and  some  of  these,  in 
their  turn,  from  Portugal  to  the  coasts  in  the  neighbour- 
hood  of  Falmouth  and  Plymouth  in  England. 

I,  Heyne,  Opusc  Acad.  yol.  i.  p.  330-383.  linn^,.  Colonis  Flantanim* 
fte.  Spftogel,  cite  par  Hamboldt,  Tableaux  de  la  Nafuie,  i  Durtau  de  b 
Malle,  Af  er^  de  rOrigine  des  Plantes  Carres,  Annales  des  Vi^agea,  z. 
321,  sqq. 

^  Flin.  lib.  xv.  cap.  35. 

1 1d.  Plin.  xiv.  3,  9. 

*  Pausan.  in  Aicad.    Callim.  Hymn,  in  Cerer.    Flin*  Til«  56. 

f  Pliiu  XTiii.  8. 
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There  are  in  the  dissemination  of  plants  several  singulari-  Soeiatfo 
ties  difficult  to  account  for  and  even  to  define.  Some  plants  ^^ 
appear  to  live  in  society,  and  occupy  exclusively  large  tracts 
of  ground,  from  which  they  banish  all  other  vegetables. 
We  can  trace  through  Jutland,  Holstein,  Hanover,  West- 
phalia, and  Holland,  a  long  chain  of  hills,  entirely  covered 
with  common  heath,  and  the  Erica  tetralix.  The  farmers 
have  opposed  for  centuries,  but  with  little  success,  the  in- 
roads of  these  vegetable  hosts'^. 

It  is  singular  that  the  genus  called  Erica,  is  found  only 
upon  one  side  of  our  planet.  Of  the  137  species  of  heaths 
at  present  known  \  there  is  not  even  one  to  be  met  with 
in  the  new  continent,  from  Pensylvania,  and  the  coast  of 
Labrador,  to  Nootka  and  Alaschka.  They  appear  even 
very  rare  in  Asia.  We  see,  at  other  times,  very  singular 
leaps  or  intervals  in  the  distribution  of  plants.  Most  of  the 
forest  trees  of  Europe,  and  even  those  which  are  the  hardiest, 
disappear  towards  the  Uralian  mountains,  and  particu- 
larly towards  the  banks  of  the  Tobolsk  and  the  Irtych ; 
they  do  not  grow  in  Siberia,  although  under  the  same  cli- 
mate. The  oak,  the  nut  tree,  and  the  wild  apple,  are  sub- 
ject to  this  common  law.  In  vain  should  we  search  for  one 
plant  of  them  from  the  Tobol  to  the  Daouria.  The  two 
first  of  these  trees,  however,  reappear  suddenly  upon  the 
banks  of  the  Argoun  and  the  Amur ;  the  last  occurs  anew 
in  the  Aleutian  Islands  K 

These  remarks  will  have  shown  how  difficult  it  is  to 
mark  with  exactness  the  regions  of  botanical  geography,  a 
subject  which,  besides,  appears  to  belong  to  that  part  of  our 
work  which  contains  a  particular  description  of  the  differ- 
ent countries.  We  must  here  confine  ourselves  to  a  brief 
sketch  of  the  general  appearance  and  the  advantages  of 
vegetation  in  the  different  zones  of  the  globe. 

f  Humboldt,  Tableaux  de  la  Nature,  ii  47. 
^  There  are  upwards  of  fbur  hundwd  sorts  or  varieties.   T. 
>  Geoxgi,  Description  de  la  Russtej  ui«  tome,  4*  partie,  p.1015,  et  5'  par- 
tie,  p.  1301,  1305. 
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Vegetation  T^^  frozen  zone  contains  few  species^  but,  as  in  the  short 
of  the  fio.  career  of  the  Polar  summer,  vegetation  is  very  rapid,  these 
species  comprehend  a  greater  number  of  individuals  than 
is  commonly  imagined.  The  verdure  of  the  Polar  summer 
is  confined  to  the  hills  which  have  a  southern  exposure ; 
though  extremely  short-lived,  it  is  sometimes  very  brilliant 
Besides  mosses  and  lichens,  we  perceive  ferns,  creeping 
plants,  and  bushes  with  berries,  such  as  the  currant,  the 
Rubus  chamsemorus,  the  Rubus  areticus,  and  the  different 
sorts  of  Vaccinium,  the  resources  and  the  luxuries  of  Si- 
beria and  Lapland.  No  where  else  are  these  fruits  more 
abundant,  or  possessed  of  a  finer  flavour.  The  frozen  zone 
also  admits  of  some  trees,  particularly  the  birch  and  wil- 
low; but  they  remain  always  dwarfs,  never  growing 
higher  than  one  or  two  feet  Such,  however,  is  the  privi- 
lege of  the  climate  of  Europe,  that  Lapland,  which  is  al- 
most entirely  situated  in  the  frozen  zone,  produces  rye  and 
leguminous  plants,  and  would,  according  to  De  Hermelin, 
have  supported  fine  forests,  if  an  unwise  economy  had  not 
procured  their  destruction.  As  the  mosses  and  lichens  of 
Iceland  and  Gteenland  are  found  upon  the  Alps  and  Py- 
renees, it  may  be  said  that  the  frozen  zone  possesses  no  spe- 
cies peculiar  to  itself. 
Vegetatkm  The  northern  temperate  zone  may,  with  relation  to  the 
^tjbetem-  vegetable  kingdom,  be  divided  into  two  parts;  but  the  li- 
mit of  these  demi-zones  varies  according  to  local  climate 
irom  the  50th  to  the  40th  parallel  of  latitude. 

L^pon  the  boundary  of  the  temperate  and  frozen  zone  be- 
gins the  perpetual  verdure  of  the  pine  and  the  fir,  trees  aTike 
distinguished  for  the  almost  crystallized  regularity  of  their 
form,  and  for  retaining  their  vital  warmth  amidst  the  chill- 
ing rigours  of  winter;  resembling  in  this  latter  circumstance 
the  natives  of  the  soil,  whose  moral  resources  have  sur- 
mounted all  the  disadvantages  of  their  ungenial  climate. 
Several  fruit  trees,  the  apple,  the  pear,  the  cherry,  and 
the  plum,  and  certain  vegetables,  such  as  cabbage,  pease, 
and  radishes,  grow  better,  or  are  more  cultivated  in  the 
northern  half  of  the  temperate  zone.     Flax  and  hemp  are 
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mdigenous  tb  it.  The  verdure  is  tnore  brilliant  there,  par- 
ticularly in  the  regions  adjacent  to  the  sea.  As  we  ad« 
vance,  the  oak,  the  maple,  the  elm,  and  the  lime,  gain  the 
superiority  over  the  pine  and  the  fir.  The  more  delicate 
fruitsj  such  as  the  olive,  the  lemon,  the  orange,  and  the  fig, 
and  amongst  the  wild  trees,  the  cedar,  the  cypress,  the 
cork,  more  especially  belong  to  the  most  southern  part  of 
the  same  zone.  There  is  even  a  perceptible  difierence  in 
the  cultivation  of  vegetables  beyond  and  within  the  45th 
degree.  Beans,  lentils,  and  artichokes,  appear  indigenous 
to  the  south  of  this  line;  the  onions  there  have  less 
pungency.  Truffles  and  many  other  delicate  or  aromatic 
vegetables,  do  not  come  to  the  same  perfection  to  the  north 
of  this  parallel. 

The  vine  and  the  mulberry,  occupy  the  space  between  ^^'*'™5^**^ 
the  80th  and  50th  parallels ;  we  may  even  say,  that  if  the 
vine  has  followed  civilization  to  the  50th  degree  and  beyond 
it,  it  is  only  in  France,  in  Germany,  and  in  Hungary,  a 
part  of  the  globe  too  small  to  be  considered  otherwise  than 
as  an  exception.  The  true  country  of  the  vine  is  to  the 
southward  of  the  45th  degree.  The  people  who  live  to 
the  north  of  this  parallel  extort  from  the  soil,  by  the  ap- 
plication of  labour  and  of  skill,  what  nature  lavishes  away 
vnth  spontaneous  profiision  on  the  ignorance  of  the  vine- 
dressers of  Italy,  and  the  indolence  of  those  of  Spain. 
Peaches,  apricots,  almonds,  quinces,  chesnuts,  and  nuts, 
are  equally  injured  in  their  growth  as  they  approach  the 
neighbourhood  either  of  the  tropic  or  of  the  polar  circle. 

Oats  and  barley  are  the  kinds  of  com  which  best  bear  the  Culdyatbn 
cold ;  barley,  in  particular^  seems  to  lengthen  or  shorten  gnun. 
the  period  of  its  vegetable  life  according  to  the  duration  of 
summer.  In  Lapland,  and  at  Olekminsk  in  Siberia,  it  ri- 
pens in  seven  or  eight  weeks ;  notwithstanding  this  asto- 
nishingly rapid  growth,  it  is  sometimes  overtaken  by  the 
frost  of  the  Siberian  winter  K 

Between  the  60th  and  40th  degrees,  the  more  fortunate 

^  Georgi,  Description  de  la  Russie,  iii.  716. 
VOL.  I.  2  K 
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htisbaiidinaii  fills  his  granaries  with  rye,  wheats  miUet,  and 
buck- wheat ;  rtdi  in  these  treasures,  he  envies  not  the  mim^ 
southan  climates  their  rice,  their  maize,  and  other  grain 
of  a  similar  kind.  Grain  of  this  description,  less  favourable 
to  tbe  health  and  vigour  of  man,  can  however  be  raised  in 
the  latitude  of  50"";  but  a  wise  system  of  rural  economy 
prefers  the  culture  of  less  uncertain  ta-ops. 

Tbe  European  bom  to  the  north  of  the  Alps,  is  ready  to 
form  a  false  idea  of  the  character  o(  the  zone  lying  between 
General  as- the  40th  and  the  25th  degrees  of  latitude.  Leaving  our 
wm  tem.*^®'*^^^  forests  of  oaks,  and  our  delightful  orchards,  where 
perate  zone,  bis  feet  have  been  accustomed  to  tread  upon  a  verdant  turf, 
be  crosses  the  Alps,  the  Cevennes,  the  Pyrenees,  and,  struck 
with  the  naked  and  scorched  appearance  of  Provence,  of 
Italy,  or  of  Spain,  he  instantly  figures  to  himself  beyond 
the  Mediterranean  vast  seas  of  sand  in  Afiica,  and  is  tempt* 
ed  to  ima^ne  that  all  this  zone  is  naturally  destitute  of 
trees.  In  this  opinion  he  is  wrong.  It  is  true  that  in  all 
the  countries  adjacent  to  the  Mediterranean,  and  where  se- 
condary calcareous  earth  predominates,  a  part  of  the  sur- 
face of  the  soil  is  composed  only  of  barren  rocks.  The 
beautiful  picturesque  appearance  of  Italy  is  chiefly  produ^ 
ced  by  the  agreeable  contrast  which  is  presented  by  the 
naked  rock,  and  tbe  lively  vegetation  scattered  h^e  and 
there  over  the  surface :  but  wherever  tl;iis  rock,  from  being 
less  cracked  and  chinky,  retains  the  water  at  the  surface  of 
the  ground,  as  is  the  case  upon  the  borders  of  the  enchanted 
lake  of  Albano,  Italy  has  its  forests  of  oaks  as  branchy 
and  as  green  as  those  which  we  admire  in  the  north  of  £u* 
rope  ^'  The  great  deserts,  or  seas  of  sands  in  A&ica,  pre^ 
isent  pierely  a  local  phenomenon,  and  one  which  is  not  pe^ 
culiar  to  the  zones,  since  similar  deserts  occur  in  Persia  and 
Tartary,  under  a  much  less  elevated  latitude.  If  we  admit 
the  theory  of  M.  Deluc,  they  formed  the  bottom  of  the  an- 
cient  sea  of  the  globe. 

It  must  however  be  allowed  that  the  warm  temperate 

^  Humboldt,  Tableaux  de  la  Nature,  i.  20. 


zone,  qr  that  ffqm  tbe  40cb  to  ihp  Sfith  ptntUel,  pueaciits 
in  geosntl  loas  ooastant  humidUiy^  imd  ji  lefl»  beautifiil  vege. 
tetioa  than  the  cold  teii)|»eral8  aone. ,  The  only  exceptions 
occur  in  the  United  State*  and  in  Gbina»  x^ons  wheoe,  in 
conaeqifciifle  ef  thrirpecntiar  geogmpbtcal  ritgBtimi%  the 
e&mate  of  the  cold  temperate  zone  and  that  of  the  tcvrid 
zone  mn  so  much  and  so  fiDequently  into  each  other  as  to 
produee  a  most  agreeable  mixture  of  the  northern  with  the 
.equatoreal  vegetation. 

The  torrid  zone  posflesses  vegetable  wealth,  which  we  Vegetation 
should  in  vain  expect  to  realise  in  the  other  regions  of  the^^^^  ^"^ 
globe.  It  is  in  that  zone  that  the  most  juicy  fruits,  and  the 
most  pungent  aromatics  arrive  at  perfect  maturity,  and  vei- 
getation  cf  every  kind  is  distinguished  for  stateliness,  varie- 
ty, and  splendour.  There  the  glowing  beams  of  the  sun  raise 
the  plant  into  a  slnrub,  and  the  shrub  into  a  tree.  The  simple 
sap,  which  in  other  regions  merely  flows  in  the  veins  of  vege« 
tables,  there  ripens  and  exudes  through  the  stem  iinder  the 
form  of  balms,  gums,  and  juices,  which  either  form  power- 
fol  remedies  against  the  attacks  of  disease,  or  gratify  the 
fastidious  and  stimulate  the  blunted  taste  of  the  volup^ 
tuous  European.  What  a  paradise  !  if  we  could  but  trans- 
port thither  civilization  and  morality.  It  is  there  that  the 
ground  produces  the  sugar-cane,  the  coflfee^tree,  the  palm, 
the  bread-tree,  the  pisang,  the  immense  baobab,  the  date, 
the  cocoa,  the  vanilla,  the  cinnamon,  the  nutmeg,  the  pep- 
per, the  camphor-tree,  &c.  &c.  There  are  also  various  sort» 
of  dye-wood,  and  particular  kinds  of  corn,  such  as  the  dur- 
ra,  the  holcus^  the  cambu,  the  kebru,  which  almost  exclu- 
cdvely  belong  to  the  torrid  zone ;  while  this  zone  is  not  des- 
titute of  any  species  which  grows  under  a  less  warm  sun. 
The  plant  which  in  Siberia  vegetates  in  the  plain  is  found- 
at  the  highest  summits  of  the  mountains  under  the  line,  and 
the  sides  of  these  same  mountains  correspond  to  the  climate 
of  the  temperate  zone. 

The  appearance  of  vegetaticm  under  the  equator  eh- 

"*  CoBi{Mire  Book  xvii.  p.  406.  ' 
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Appamnoe  chants  the  imagination ;  it  is  there  that  plants  display  the 
in^^tnrid  ™^^  majestic  forms.  As  in  the  frosty  r^ions  of  the  north 
*<">••  the  bark  of  the  trees  is  covered  with  lichens  and  moss,  so 

between  the  tropics  the  cymbidium,  and  the  fragrant  vaniUa 
adorn  the  trunk  of  the  anacardium,  and  of  the  gigantic  fig- 
tree.     The  fresh  verdure  of  the  leaves  of  the  pothos  forms 
a  contrast  to  the  flowers  of  the  orchis,  validated  by  a 
thousand  different  colours.     The  bauhinia,  the  climbing 
passion-flowers,  and  the  banisteria,  with  its  flowers  of  gold, 
twine  around  the  trunks  of  the  forest  trees.    Delicate  flow- 
ers spring  from  the  roots  of  the  theobroma,  as  well  as  from 
the  thick,  hard,  and  blackened  rind  of  the  gourd  and  of  the 
gustavia.     In  the  midst  of  this  exuberant  vegetation,  and 
this  confusion  of  climbing  plants,  it  often  costs  the  natural- 
ist trouble  to  ascertain  to  what  stem  the  leaves  and  flowers 
belong.     One  single  tree,-  adorned  with  the  paullinia,  the 
bignonia,  and  the  dendrobium,  forms  a  group  of  plants 
which,  separated  from  one  another,  would  cover  a  considera- 
ble space  °.     In  the  torrid  zone,  the  plants  which  are  most 
abundant  in  juices^  present  a  brighter  verdure,  and  larger 
and  more  magnificent  leaves  than  in  the  northern  climates. 
The  vegetables  which  live  in  groupes,  and  which  render  the 
countries  of  Europe  of  so  monotonous  an  aspect,  are  very 
seldom  to  be  met  with  in  the  equatoreal  regions.     Trees 
twice  as  high  as  our  oaks  are  decked  with  flowers  as  large 
and  as  beautiful  as  our  lilies.     Upon  the  shady  banks  of 
the  Madalena,  in  South  America,  grows  a  climbing  aristolo- 
chia,  the  flowers  of  which  are  four  feet  in  circumference. 
Children  amuse  themselves  by  covering  their  heads  with 
them.    We  may  add  to  this  description,  the  gigantic  forms 
of  the  baobabs,  whose  circumference  sometimes  extends  to 
80  feet,  and  the  elegantly  bold  shape  of  the  eucalyptus,  and* 
of  the  gummy  palm  trees,  which,  rising  to  the  height  of 
from  150  to  180  feet,  form  aerial  porticoes  above  the  fo- 
rests. 

The  extraordinary  elevation  to  which  whole  tracts  of 

>  Humboldt,  Tableaux  d«  la  Nature,  u.  SO. 
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country  rise,  under  the  tropics,  and  the  cold  temperature  of 
that  elevation,  present  to  the  inhabitants  of  the  torrid  zone 
an  extremely  singular  prospect.  Besides  the  groups  of 
palm  and  banana  trees^  they  see  also  around  them  the  vege- 
table forms,  which  d.pp(ear  to  belong  only  to  the  regions  of 
the  north.  Cypresses,  firs,  and  oaks,  barberries  and  alder 
trees  nearly  resembling  ours;  cover  die  mountainous  dis- 
tricts of  the  south  of  Mexico  as  well  as  the  chain  of  the 
Andes  under  the  equator. 

The  southern  temperate  zone  should  now  terminate  the  The  tempt- 
phytographical  description  of  the  globe,  could  we  venture'****""*' 
to  assert,  that,  with  reference  to  vegetation,  such  a  zone  does 
exist.     It  appears  that  the  three  extremities  of  America,  of 
Africa,  and  of  New  Holland,  included  in  this  zone,  con- 
tun  only  vegetable  colonies,  which,  taking  their  origin  from 
the  torrid  zone  of  each  of  these  regions,  have  spread  them- 
selves towards  the  south.     It  is  therefore  probable  that  the 
vegetation  of  these  three  continental  extremities,  even  were 
it  better  known  than  it  is  at  present,  would  present  to  us  a 
few  detached  local  scenes  rather  than  any  general  picture. 
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BOOK  XXI. 

Ondkiwabm  of  the  Thoory  ifGtographff.    Cfihe  JEbrA, 
anuSdered  as  the  residence  qf  Organic  Bdmgs. 


SECTION  II. 

OF   THE   GEOGRAPHICAL   DISTRIBUTION   OF   ANIMALS. 

Genoal  Thib  Ufiknown  power  wUcb  first  put  in  motion  the  springs 

^^*-        of  animal  life^  and  which  eontinues  to  keep  them  in  plaj^ 
was  certainly  not  confined  to  one  particular  region  of  the 
globe.    Matter^  everywhere,  must  have  acquired  animation 
^t  the  sound  of  the  Creator^«  voioe ;  the  elevientary  parti- 
cles^ while  attracting  each  other,  and  rangjbg  themaelves 
in  fibres,  muscles,  and  bones,  must  have  every  where  pre- 
Sponta.      sented  the  spectacle  of  that  spontaneous  generation^  which 
^^^^^is  probably,  at  all  times,  ushering  into  existence  millions  of 
aquatic  and  other  animalcules,  some  of  them  so  minute  as 
appear  to  the  most  powerful  microscope  merely  as  a  small 
point  or  globe,  destitute  of  organs  \     It  is  difficult  to  con« 
ceive  that  there  exists  in  this  original  tendency  of  matter 
towards  organization,  differences  founded  upon  the  geogra- 
phical situation  of  places. 
ZoophjUt.      Zoophytes  are  so  imperfectly  known,  and  so  difficult  to 
class,  that  we  cannot  say  whether  each  maritime  region  pps- 
sesses  any  species  peculiar  to  itself.     Coral,  externally  an 
animal  and  internally  a  rock,  madrepores,  and  millepores, 
which,  on  the  contrary,  have  a  stony  covering,  seem  to  ex- 
ist only  in  the  regions  adjoining  to  the  tropics,  in  the  seas 
ScM  of  CO-  warmed  by  the  rays  of  a  vertical  sun.     There  are  three  or 
'"^  four  great  seas  of  coral  upon  the  globe :  first,  that  part  of 

*  Compue  Cuvier,  Tableau  Elementaire  det  Ammaux,  p.  663. 
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4he  great  ocean  where  flat  islands  appear,  such  as  those 
called  the  Friendly  Islands,  New  Caledonia,  the  Solomon 
Isles,  or  Isles  of  Danger,  and  in  general  those  tracts  of  sea  ly- 
ing between  the  diferent  parts  of  the  Oceanic  division  of  the 
world.  ,  It  is  there  that  the  mariner  is  in  continual  danger  of 
Btriking  against  some  rock  of  coral,  shooting  perpendicularly 
upfrcMn  an  immense  depth.  The  seccmd  region  ex^tendsfrom 
the  coast  of  Malabar  to  that  of  Madagascar  and  Zanguebar. 
Our  Mediterranean  forms  the  third  region ;  but  the  valuable 
coral  which  it  furnishes,  and  which  is  in  great  request  {roax 
i^frica  to  Japan,  essentially  differs  from  the  coarse  substan- 
ces  of  which  the  islands  in  the  southern  sea  are  composed. 
The  Gulfs  of  Arabia  and  of  Persia,  if  we  credit  the  an- 
cients,  are  peopled  with  subterraneous  forests  of  Zoophy- 
tes  \     The  sea  of  the  Antilles,  and  th^  Gulf  of  Mexico, 
ought  to  contain  a  great  many  madrepores.     But  who  m 
sufficiently  acquainted  with  the  different  holothuraej  atar^ 
stones,  msdmae,  sjkd  other  fugitive  embryos  of  aquatic 
beings,  to  assign  to  them  their  native  region  ?  The  iodefa- 
tigable  voyagers,  Peron  and  Lesueur,  who  so  carefully  oK 
served  the  changeable  and  delicate  forms  of  the  zoophytes  % 
found  the  abode  of  the  species  pyrosoma  confined  to  on^ 
particular  region  of  the  Atlantic  Ocean ;  and  they  imagine 
that  each  description  of  zoophyte  has  its  place  of  residence 
determined  by  the  temperature  necessary  to  support  its  ex» 
istence. 

The  ocean  also  contains  monsters,  which  it  is  dangerous  Polypi 
to  observe  too  near.  When  shall  we  come  to  distinguish 
the  different  kinds  of  polypi  or  hydras,  with  exactness  suffix 
cient  to  determine  the  boundaries  of  the  tracts  which  they 
respectively  occupy  at  the  bottom  of  the  ocean  P  Wq 
think  it  probable  that  the  size  of  the  polypi  varies  with 
the  depth  of  the  seas  where  they  live.  If  we  certainly 
know  that  the  Straits  of  Messina,  and  the  English  Chan- 
nel, contain  some  which  have  arms  ten  feet  long,   why 

»  PliD.  Hist  Nat.  ziii.  25. 

<  Voyages  auz  Tcnes  Auatialas,  i.  40S.  et  T Atlas,  pL  triir.— itTri. 
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'  should  we  treat  as  fabulous  those  very  circumstaBtial  ac- 

counts, both  of  the  ancients^  and  the  moderns  %  which 
speak  of  polypi  taken  in  the  Mediterranean,  in  the  Atlan- 
tic, and  in  the  Indian  seas,  whose  arms,  when  accurately 
measured,  were  found  to  be  from  SO  to  40  feeth  in  length  i 
Would  it  not  be  consistent  with  the  rules  of  sound  criti- 
cism, to  suspend  our  judgment  respecting  the  monstrous 
Jcrakens  ^  of  Norway,  said  to  be  half  a  league  in  length,  the 
existence  of  which  several  respectable  <  naturalists  have 
conceived  to  be  established  by  recent  observations  ? 

Zoophytes  exhibit  the  first  actings  of  creative  power ; 
they  may  be  considered  as  confused  masses  of  beings,  ani- 
mated with  an  incipient  principle  of  life,  but  not  yet  exist- 
Molluictt  ^g  separately.  The  moUusca^^  whether  naked  or  testaceous, 
iheUf.  }|2^yg  acquired  a  real  individual  existence.  Accordingly, 
their  different  species  lielong  to  different  countries  :  the 
diells  of  Timor  are  met  with  upon  the  coasts  of  New  HoU 
land  only  as  far  as  to  the  south-west  point ;  and  the  shells  of 
Van  Dieman^s  land,  such  as  the  HaUotis  giganiea  and  the 
PheuianeBuSf  diminish  in  size  as  they  follow  the  coasts  of 
New  Holland,  tQ  king  George^s  Straits,  and  entirely  disap- 
pear beyond  them  \  The  pinna  marina,  whose  glossy  fila- 
xnents  outshine  silk,  thrives  only  in  the  Indian  seas,  and  in 
the  Mediterranean.  The  pearl  oyster  attains  perfection  no 
where  except  in  the  equatoreal  seas.  But  the  natural  ar- 
rangement is  often  subverted ;  the  ships  to  which  the  shells 
adhere,  transport  them  from  the  one  pole  to  the  other.  It 
is  in  this  way  that  the  waters  of  Holland  have  been  peopled 
bv  that  teredo  navalis  which  is  so  destructive  to  vessels  K 

The  calcareous  secretion  of  the  Zoophytes  is  rock  or 
stone  the  very  moment  that  the  animal  dies.     The  calcare- 

<  Plij?.  iz.  30.  Aeliaa  Hist,  N^t  ziiL  6. 

;*  Aldrovand,  de  Molliucis,  Fj^rt  vii  c.  2.  J(^niton,  de  Exatiguib.  Aquat. 
ib.  .1.  tit.  2.  c.  1.  Swediaur,  Joarnal  de  Physique,  1784,  yol.  ii  p.  284.  *qq» 
/  See  the  article  Norway,  In  thiswork.  * 

t  Bosc  Hist.  Nat  des  Vers,  L  p.  3)5.  Mootfbrt,  Histoiredes  MoUusques,  ii* 
,71,  153,  nn.     fenrant,  British  Zoology^  iv.  tab.  88.  fig.  44. 
^  Tiion  pt  Lptwif!,  Annales  du  Mu8({um  d'Histoire  Nattndle,  xr. 
f  Sellii,  Nat  Hist,  teredin  Utrecht,  1733. 
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ous  secretion  of  testaceous  molluscee  or  shells,  forms  rock 
only  when  decomposing.  The  structure  of  corals  and  ma- 
drepores is  grained,  that  of  shells  is  lamellated  or  stratified. 
These  animals,  from  their  being  destitute  of  sensibility, 
seem  closely  allied  to  the  mineral  kingdom. 

We  now  advance  to  another  order,  which  may  be  viewed 
as  belonging  to  the  vegetable  kingdom,— the  order  of  insects, 
in  which  worms  occupy  the  bottom  of  the  scale.     Insects  Geographi- 
which,  a&they  pass  through  the  states  of  larva  and  chrysalis,  ^i^^  of'L^" 
remind  us  of  the  successive  development  of  roots,  stalks,  and  s^ts. 
flowers ;  insects,  which  may  be  termed  winged  and  animat- 
ed flowers,  indicate  already,  in  their  complicated  organize- 
tion,  some  obscure  traces  of  sensibility,  although  irritability 
still  predominates.     It  is  in  the  midst  of  the  most  exube- 
rant vegetation— it  is  in  the  torrid  zone — ^that  the  strongest 
and  the  most  splendid  insects  are  to  be  seen ;  such  as  the 
butterflies  of  Africa,  of  the  East  Indies,  and  of  America, 
whose  brilliant  coloiirs  rival  the  lustre  of  metals.     There 
also,    and    particularly  in    South   America,   the  forests, 
peopled  by  millions  of  glow-worms,  present  to  the  eye  of 
the  benighted  traveller  the  scene  of  an  immense  conflagra- 
tion.    The  termes  of  Africa,  named  also  the  White  Ant, 
builds  solid  hillocks;  and  the  spider  of  Guyana  attacks 
even  birds  with  success.     The  Umvlus  gigas^  the  largest 
of  all  aquatic  insects  \  is  also  an  inhabitant  of  the  equator, 
as  its  vulgar  name,  the  Crab  of  the  Moluccas,  indicates. 
Certain  kinds,  such  as  gnats,  bees,  and  flies,  appear  to  be 
equally  distributed  over  the  whole  of  the  globe.    Tbei  short 
polar  summer  hatches  a  multitude  as  innumerable  as  the 
heats  of  the  torrid  zone :  the  musquito,  which  torments  the 
traveller  on  the  banks  of  the  Oronooko,  resembles  that  Countriei 
which  buzzes  in  Lapland.     Wherever  man  has  not  drained  rendered 
the  marshes,  and  cleared  the  forests,  insects  reign  with  re-  able  by  in- 
sistless  sway.     History  has  recorded  several  examples  of  *®*^**' 
towns  and  countries  rendered  uninhabitable  by  the  multi- 
tude of  bees,  wasps,  or  gnats  K     Armies  and  whole  tribes 

^  Cuvier^  Tableau  Elementairev  452. 

>  Htrod.  V.  10.  riin.  viii.  29-58.  iElian,  xvii.  35.  Pausan,  in  Achaicis. 
Commit,  Bochait,  Hierozoicon,  1.  iv.  c.  13.  vol.  ii.  p.  539,  sqq. 
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have  been  compelled  to  fly  before  these  feeble  iaseeto,  rea. 
dered  invincible  from  their  numbers. 

The  secretions  of  insects  do  not  resemble  substances  of 
the  mineral  kingdom,  like  those  of  the  zoophytes  and  moUus- 
cas ;  they  have  the  character  of  vegetable  juices.  But  these 
secreUons,  as  well  as  those  of  the  polypus  coral,  appear  to 
be  the  effect  of  blind  instinct,  rather  than  of  sensations  si- 
milar  to  those  of  the  more  perfect  animals.  The  admirable 
industry  of  the  bee  is  not  to  be  ascribed  to  the  acting  of  a 
free  and  separate  will. 

The  orders  of  zoophytes,  moUuscse,  and  insects  advan. 
cing  gradually  in  perfection,  comprehend  Animnb  zoiih 
white  bloody  and  no  vertebrae^  and  which,  having  few  or  no 
organs  of  sensilnlity,  appear  to  constitute  in  the  ammal 
kingdom  a  sort  of  hemisphere  diametrically  opposite  to  that 
of  animals  with  vertebrae  and  red  bloods 

This  second  series  of  the  animal  kingdom  commences, 
like  the  first,  in  the  bosom  of  the  ocean,  that  cradle  of  all 
primitive  organizations. 
Fisbci.  Fishes,  although  occu^ing  the  lowest  degree  of  the 

scale,  are  eom|4etely  distinguished  from  inorganic  nature : 
they  display  the  commencement  of  an  internal  ossification, 
mixed  indeed  with  some  traces  of  those   external  secre- 
tions, those  solid  coverings,  which,  belong  to  animals  desti- 
tute of  vertebrffi.     Fishes,  having  neither  the  blind  instinct 
of  insects,  nor  a  high  degree  of  the  voluntary  instinct  of  the 
mammiferous  tribes,  appear  inferior  even  to  several  white 
blooded  animals,  although  they  form  part  of  an  order  su^. 
perior  to  that  to  which  these  animals  belong.     The  animal 
kingdom  does  not  present  to  our  view  one  unbroken  pro. 
gressive  series,  but  two  great  series,  each  composed  of  seve- 
ral progressive  orders ;  so  that  the  gradations  in  improve- 
ment of  organization  are  not  continued  from  genus  to  ge- 
nus regularly  through  the  scale,  but  only  from  the  whole 
of  one  order  to  the  whole  of  another. 

The  want  of  activity  which  we  have  just  remarked  in 
fishes,  renders  it  probable  that  every  basin  of  the  ocean  has 
its  particular  tribes,  which  are  born  and  die  there:  we 
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kndw  tlie  stdticms  of  flome  spedes  of  fiflbet.  Thus  tlie  cod  Upon  the 
^bkh  arfe  distributed  orer  dU  the  flOKtfaem  teas,  ^^^^^^^^^^IL^IbSi^ 
Europe  ftfid  America,  eongregate  cfaieiy  upon  the  great 
batikfl  of  totid  to  the  flouth-east  of  Newfoundknd.  Pun. 
sued  by  twenty  thoueand  fisberaen,  the  ood  propagates 
with  astomsfaing  fecundity;  it  has  been  calculated  that 
each  female  carries  ia  its  oVary  jooore  than  sine  millkMis  of 

The  oorjrphenas  and  the  chataedons  are  met  with  only  m 
the  torrid  zone.  There  are  yarious  species  of  these  kinds^ 
which,  on  account  of  their  brilliant  colours,  hare  re»- 
mved  the  name  of  giltheads.  These  are  the  most  active 
enemies  of  the  flying  fish,  which,  like  them,  are  found 
enly  between  the  tropics,  or,  at  farthest,  towards  the  40th 
parallel  of  latitude.  These  species  are  observed  both 
in  the  eastern  ocean,  and  in  the  Atlantic ;  but  probably  of 
dill^nt  species.  We  should  imagine  that  the  electric  fishes 
are  confined  to  the  torrid  sume ;  the  electric  gymnotus,  in» 
deed,  belongs  exclusively  to  America ;  and  the  <<  tren^ 
bler,^  or  the  sihtrus  eUdricua^  to  the  rivers  of  Africa ;  but 
the  i&rpedoy  or  cramp  fish,  is  dispersed  over  all  the  seas. 
Our  knowledge  of  the  productions  and  the  temperature  of 
the  ocean,  must,  from  its  vast  extent,  and  its  unfathomed 
depth,  be  extremely  imperfect.  On  many  coasts  no  fisheries 
exist,  and  ftcnta  those  which  have  been  estaUished,  on  others^ 
little  aecunate  information  can  be  gained.  No  analyns,  even 
of  the  magnificent  works  of  Lacepede,  would  enable  us  to 
unfUd  a  correct  general  view  of  the  subject ;  and  the  de^ 
smption  of  each  particular  sea  is  reserved  for  other  vo«> 
lumes  of  this  work. 

The  migration  of  fishes  is  oocauoned  by  their  being  imi>  Migration 
pelled  to  seek  for  shallow  water,  in  order ^to  deposit  their 
spawn.    Thus  the  herrings,  coming  from  the  bottom  of 
the  frozen  sea,  proceed  every  year  to  the  coasts  of  Ireland, 
Scotland,  Norway,  Sweden,  Denmark,  Holland,  and  the 

»  Cuvier,  Tableau  Elementaire,  p.  337. 
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United  States  ^  as  well  as  to  those  of  Xamstchatka,  and 
the  neighbouring  islands  °.  It  seems  to  be  proved  that  itn. 
mense  shoals  of  these  fishes  mechanically  follow  the  direcdon 
of  the  chains  of  submarine  banks  and  rocks  which  they 

«  meet  with  in  their  progress.    The  variations,  both  real  and 

pretended,  which  these  migrations  experience,  seem  there- 
fore to  depend  upon  local  causes,  which  we  shall  point  out 
in  another  place.  Tunnies  migrate  regularly  every  year 
from  the  Atlantic  ocean  to  the  Mediterranean ;  a  fact  be- 
fore  observed  by  the  ancients  p.  Besides  these  annual  mi- 
grations, which,  to  a  certain  extent,  are  completely  ascer- 
tained, the  currents  of  the  ocean  must  occa^on  others 
which  we  have  not  the  means  of  observing.  Fishes  in  ge- 
neral appear  to  suffer  severely  from  a  sudden  change  of 
temperature  %  which  leads  us  to  infer  that  the  species  which 
live  near  the  surface  of  the  sea  must  be  confined  each  with- 
in a  particular  region.  On  the  other  hand,  the  observa- 
tions of  Biot  and  Laroche,  by  demonstrating  the  admirable 
property  of  the  organs  of  respiration  in  fishes,  by  which 
they  can  inhale  the  more  oxygen  the  lower  they  descend, 
seem  to  remove  all  limits  to  the  migrations  of  species  which 
live  in  the  lower  parts  of  the  sea'. 

Freth  water  The  fishes  of  lakes  and  rivers  are  still  less  susceptible  of 
a  geographical  classification.  The  kinds  qfprinus  andjper^ 
cay  of  which  carp  and  perch  are  the  refNresentatives, 
people  almost  all  the  rivers  of  the  temperate  zones.  The 
sturgeon  is  found  in  the  smaller  inland  seas,  such  as  the 
Baltic,  the  Caspian,  the  Black  sea.  The  large  species*, 
common  in  the  Wolga  and  the  Danube,  are  in  their  turn 
surpassed  in  size  by  the  sUurus  ghniSy  the  giant  of  river 
fishes.     The  voracious  pike,  and  some  other  species,  often 

*  Gilpin  upon  the  Migration  of  Herrings^  in  the  Transactions  of  the  Ame* 
rican  Society  at  Philadelphia,  ii.  786. 

^  Kracfaenninikow,  Descript.  de  Kamtchatka. 

p  Oppian,  Halieutic.  III.  ▼.  633,  tqq. 

1  Proven9al  et  Humboldt,  M^mofres  de  la  Societa  d*ATCueil,  ii.  398. 

'  Biot,  ibid.  p.  487. 

•  Adpepser  Huso. 
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inhabit  subterraneous  seas,  which  communicate  with  the 
atmosphere  only  by  small  openings.  A  circumstance  more 
worthy  of  occupying  a  place  in  a  general  description,  is  the 
presence  of  some  sea  fishes,  such  as  the  cabelianf  a  species 
of  cod  fish,  in  Lake  Winnipeg,  in  the  interior  of  North  * 

America  \ 

There  are  some  fishes  which  occasionally  forsake  their  Fish  in  tin- 
native  elements:  eels  traverse  the  meadows;  and  upon*?^'"'"*^ 
the  coast  of  Coromandel,  a  kind  of  perch,  Perca  scandem, 
climbs  up  the  palm  trees  ".  Sonnerat  observed  fishes  which 
live  in  warm  springs  of  a  very  elevated  temperature.  Na- 
tural history  will  pardon  us « for  not  distinguishing  from 
fishes  those  equivocal  beings  which,  with  the  warm  blood 
of  mammiferous  tribe,  possess  a  combination  of  those  forms 
which  are  equally  characteristic  of  the  fish  and  the  quad- 
ruped. 

The  whale,  the  narval,  or  sea  unicorn,  the  cachalot^  orcetaceoot 
spermaceti  whale,  the  dolphin,  the  sea-horse,  the  phoca,  or"*™'*"' 
sea-calf,  inhabitants  both  of  the  land  and  the  water,  form, 
in  the  progressive  improvement  of  their  organization,  the 
link  which  connects  two  different  orders.  Whales  are  in 
very  few  respects  distinguished  from  fishes,  and  there  are 
phocse  that  have  been  mistaken  for  otters.  The  more  com- 
plete the  osfflfication,  and  the  more  the  organs  are  detached, 
the  greater  is  the  sensibility.  Phocse  and  lamentins  mani- 
fest some  traces  of  social  affection. 

As  both  the  cetaceous  and  the  mammiferous  amphibious 
kinds  of  fishes  require  frequently  to  breathe  atmosphenc  air, 
it  is  highly  probable  that  they  are  confined  to  certain  cli- 
mates.    The  phocse  of  the  South  Seas  are  of  different  Geographi- 
kinds  from  those  which  inhabit  the  waters  of  the  north ».  ^  distnbu- 

tion  01  c6tft« 

The  sea-lion  met  with  in  the  neighbourhood  of  Eamtchat-  ceous  mi- 
ka  differs  essentially  from  that  which  swims  in  the  Green-  °^* 


*■  Goldson,  Remaiques  sur  le  Voyage  de  Fuente,  dans  Sprengel,  Choix  det 
Voyages,  &c.  iv.  16.  (In  German.) 

•  Daldorf,  Transact,  of  the  Linnsan  Society,  iii.  62. 
*■  P^Ton,  Annals  du  Museum,  xv.  300. 
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]md  Beds  T(.  Th^  pbow  vituliqci,  which  «e  alleged  to  exl 
i3t  ia  the  Caspian  Se^,  in  the  lakes  «f  Aral,  Baika},  and 
i^Sidog^  appear  io  be  a  species  aUied  to  the  otter,  ai|d*di£. 
fereat  from  the  marine  pbocae.  And  thus  are  we  relieved 
«  firom  the  peces^ty  of  admitting  those  physical  revolutioas 

by  which  it  is  asserted  that  they  were  brought  into  Uiose 
inland  waters,  as  if  nature  /eould  not  produce  phocas  every 
wher?.     The  great  wbaie  of  tbe  Northern  Seas,  though  it 
forfuerly  entered  tbe  Mediiterran^an",  has  scarcely  been 
i^le  to  apf»roaeh  the  equator :  the  whales  of  tbe  Southern 
Qcean  are  probably  of  a  different  race.     The  large-headed 
qachalot,  which  inhabits  the  equatoreal  iiegioBs,  particularly 
t^e  ladian  Ocean,  and  from  which  we  procure  the  amber- 
gns^,  diffm  aoateriAlly  from  the  great  cachalot  of  the  frozen 
seas. 
Bemarks        Amongst  terrestrial  animals,  reptiles  occupy  the  lowest 
^ott  rep-   j^^j^^     Tbeir  organs  are  indistinct  and  imp^ectly  deve- 
loped, and  some  organs  they  want  entirely ;  a  tUck  shield 
or  a  scaly  skin  envelopes  their  body;  their  bones  are  serf);; 
the  vital  force,  distributed  through  all  their  members,  has 
no  centre  of  energy;  finally,  the  animal,  vrhen  cut  into 
peees,  is  immediately  reproduced.     All  these  characteristic 
marks  indicate  a  first  attempt  of  nature,  an  imperfect  dis- 
engagement from  inert  matter.     Reptiles,  accordingly,  ap- 
pear to  increase  and  multiply  in  mud,  warmed  by  the 
vertical  rays  of  the  sun:     The  crocodile  of  Africa,  the 
Gavial  of  the  Ganges,  and  the  different  caymans  of  Ame- 
rica, 4re  the  giants  o(  the  lizard  kind.     It  is  in  the  warm- 
est regipns  of  America,  and  the  oceanic  countries,  that  the 
serpents  roll  themselves  up  in  immense  coils,  or  conced  a 
deadly  pcHSon  under  th^  &ngs.      The  tortoises,  which 
fe^  upon  the  sea-weed  at  the  bottom  of  the  ocean,  cover 
the  sands  only  of  equatoreal  countries  with  their  numerous 
eggs.  * 

y  Steller,  Nov.  Comm.  Petrop.  ii.  360,  366.      Otto  Fabriciua,   Fftuu 
Groenlandica,  p.  7. 
«  Plin.  ix.  3. 


^ 
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In  creating  birds,  nature  has  reprodiicdd   tbe  diderBirdsina 
of  insects,  but  with    more  simplicity  of  structure,  and^^^/Jf 
greater  power  and  liberty  of  locomotion.     Their  bones,  view, 
more  hard  and  more  numerous  than  those  of  fishes  and 

» 

jeptiles,  mark  a  more  perfect  organization.     The  wings  ' 

with  which  they  are  provided  seem  to  assign  to  than  the 
whole  atmosphere  as  thmr  domain;  but  the  plumage  ih 
which  they  are  clad,  and  which,  like  v^etation  itiself,  va- 
ries according  to  climate  and  temperature,  proves  to  us, 
that  these  animals,  apparently  so  free,  are  still  sut^gect  to 
certain  geographical  laws.  Even  those  whose  robust  con- 
stitution would  allow  them,  to  disperse  themselves  far  and 
wide,  seem  to  be  attached,  both  by  taste  and  affection, 
to  the  districts  where  they  were  born.  Thus,  the  con- 
dor, and  the  king  of  vultures,  which  soars  above  the  sum- 
mit of  Chimborazo  itself,  never  forsakes  the  chain  of 
the  Cordilleras  of  Peru  and  of  Mexico :  the  vulture,  and 
the  gfeat  eagle,  never  remove  from  the  ridges  of  the  Alps. 
The  sea  eagle,  or  ospray,  is  perhaps  distributed  over  the 
whole  of  the  globe.  .In  the  natural  order  of  Passeres,  tra- 
vellers often  err,  by  coEnfounding  the  foreign  species  with 
those  of  Europe — ^thus,  the  CcAaos  of  Africa  and  India 
differ  from  our  ravens,  and  the  Manakins  of  America  are 
not  our  tom-tits,  though  possessing  some  traits  of  resem- 
blance. The  torrid  cone,  also,  exclusively  contains  the  Birds  of 
various  species  of  Parroqueis  comnion  in  America, — of '^  '°"* 
Cockatoos^  fbiind  only  in  the  East  Indies,— of  Loris^  most 
beautiful  m  d;ie  islands  to  the  south-west  of  Asia,—* and  of 
AraSi  which  last  are  all  from  America.  The  celebrated 
Mird  of  Paradise  is  never  met  with  beyond  the  limits  of  a 
very  narrow  aregion  of  the  torrid  zone,  that  is,  New  Gui- 
nea, and  the  neighbouring  islands.  Of  the  birds  which 
cannot'  fly,  every  equatoreal  region,  insulated  by  the  sea, 
has  produced  its  particular  kinds:  The  Ostrich  of  Africa 
and  Arabia,  the  cassiowary  of  Java,  of  the  neighbouring 
islands,  and  of  New  Holland,  and  the  Touyou  or  Ostrich  of 
Sicazil,  exhibit,  in  very  distinct  species,  the  same  general 
features  of  organization.     The  smaller  birds  in  the  tropical 


zone. 


612  BOOK   TWENTY-FinsT. 

countries  ate  adorned  with  the  most  splendid  colours,  their 

plumage  vies  with  the  metallic  biilliancj  of  the  insects  in 

the  same  zone. 

BiTcls  of       -  The  temperate  zone  of  birds  reaehes  in  our  hemisphere 

the  tcmpe-  f        ^j^^  3^^^!^  ^  ^jj^  qq^  parallel.     Within  these  bounda- 

nes  the  vanous  kmds,  and  even  some  species,  are  no  longer 
confined  to  regions  distinctly  marked,  and  have  no  particular 
fixed  countries.  Besides,  man  has  either  transplanted,  or 
drawn  in  his  train  with  him,  as  he  wandered,  several  species 
previously  to  be  found  in  one  particular  country.     The 

Annuftl      most  remarkable  geographical  phenomenon  is  the  annual 

migrations,  jjjigration  of  swallows,  of  storks  and  cranes,  which,  at  the 
approach  of  winter,  abandon  the  northern  countries  of 
Europe  to  visit  Italy  and  Spain,  and  even  Africa.  Some 
species  of  swallows  plunge  themselves  into  lakes  and  marsh. 
.  es,  where  they  remain  in  a  dormant  state  during  the  win- 
ter*. 

The  frozen  zone  has  ifew  species  pecuharly  belonging  to 
it ;  amongst  these  is,  the  Anas  mcUissima^  whose  nests  fur- 
nish the  eider  down.     But  we  should  consider  this  aquatic 

Birds  of     bird  rather  as  frequenting  the  shores  of  the  frozen  seas. 

lonc  *"*  ^^'^  Stria:  lapponicus^  and  the  Teirao  lagoptts,  live  upon 
mountains  covered  with  perpetual  snow. 

Each  grand  maritime  division  of  the  globe  has  its  pecu- 

Set  birds,  jjnr  ][>irds.  The  Albatros  flits  along  upon  the  waves  as  soon 
as  we  approach  the  40th  parallel  of  latitude.  The  sea  swal- 
lows, and  the  tropical  birds,  never  forsake  the  torrid  zone ; 
their  species  probably  differ  from  the  one  ocean  to  the  other. 
The  Penguin  of  the  Northern  Pole  differs  from  the  Man^ 
chot  of  the  South  Seas.  These  birds  without  wings,  may  be 
considered  as  the  last  and  lowest  of  the  order  to  which  they 
belong. 

Quadru-         We  uow  come  to  an  order  of  animals  much  more  perfect- 

^^*  ly  organized  than  any  of  those  which  we  have  hitherto  con- 

•  CompaTe  Guenau,  in  Bnfibn  Histoire  des  Oiseaux,  vol.  xvii.  p.  857.  Daines 
Barrington,  Miscellanies,  p.  225.  Mem.  of  the  American  Academy  of  Bos- 
ton, i.  p.  49^;  iL  p.  93,  sgq. 
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8ide]*dl.  r  It  is  particularly  intsrentiDg  to  tchsetre  the  geo- 
graphical distribution  of  the  Tarious  kinds .  of  quadrupeds 
in  the  different,  zones^  and  on  the  two  continents.  This 
inquiry  has  already  thrown  great  light  upon  the  history  of 
the  earth,  and  is  connected  also  with  the  history  of  man^ 

In  the  migration  of  animals,  we  have  not  so  much  to  at-Tl^nU 
tend  to  their  active  power,  or  the  energy  of  their  organs,  aS  8™**^*^ 
to  what  may  be  termed  thea. passive  powers  or  their. ca« 
picity  of  resisting  changes  of  temperature.  Frequently, 
out  of  a  whole  genus,  one  species  only  is  endowed  with  this 
capacity.  Another  species  of  animals  again  owes  its  extei^ 
dve  distribution  solely  to  the  care  of  man,  who  knew  how 
to.  master  .it,  and  who  carried  it  along  with  him  to  the  very 
extremities  of  the  globe.  The  external  organs  of  ammala 
undergo  great  changes,  merely  in  consequence  of  their  do-i 
mestication— -difference  of  climate  produces  others  not  less  re^ 
markable.  As  to  the  wild  animals,  they  are  directed  in  their, 
migration,  by  the  abundance  or  the  scarcity  of  food.  The 
carnivorous  ones  find  almost  every  where  their  natural  food»^ 
and  when  it  fails  them,  they  have  recourse  to  vegetables  ; 
for  this  reason  they  roust  have  spread  themselves  to  a  great 
extent.  Those  which  cannot  support  great  cold,  have  been 
unable  to  cross  from  the  old  to  thcf  new  continent,  because 
the  only  direct  mode  of  communication  between  these  two 
continents,  is  that  furnished  by  the  arctic  ice.  There  are 
many  different  species  of  animals,  whose  residence  history 
proves  to  have  anciently  been  in  much  colder  climates  than 
those  which  they  now  inhabit:  Sometimes  the  continual 
inroads  of  man  have  either  destroyed  them  or  drivai  them 
away :  Sometimes  the  progress  of  agriculture,  by  clearing 
the  forests,  has  bereft  them  at  once  of  th^  range  for  food, 
and  their  place  of  shelter. 

Several  quadrupeds,  by  their  almost  general  distribution,  Aninub 
baflle  evecy. attempt  at  geographical  classification.  These^^^^ 
quadrupeds  are  either  in  a  state  of  dokiestication,  such  astheglobf^ 
the  dog,  the  cow,  the  sheep,  the  goat,  the  horse,  the  ass,  the 

bZimmermin,  Geographical  Zoology,  3  yoL  id  8?o.  17S8,  iaCttinaft 

VOL.  I.  Si. 
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]Mg^  and  the  cal;  or  in  a  vfM  state,  as  the  fox,  the  bear, 
the  hore^  the  rabbity  the  stag,  the  deer,  the  squirrel,  the 
rat,  the  mouse,  and  the  ermine.  Amongst  these  animals, 
however,  there  are  some  which  do  not  live  in  the  frozen 


The  dos*  '^^^  -^^'  ^®  fidthful  companion  of  man,  has  ibUowed 
Urn  into  every  climate;  in  many  oomtries  he  is  the  only 
domestic  animal,  and  supplies  the  place  of  the  horse  and  the 
OK,  Towards  the  equator,  as  well  as  towards  the  pde,  he 
loses  his  voice ;  his  barking  degenerates  into  a  growling 
noise.  This  species  is  distributed  as  te  as  New  HdU 
hmd^ 

Xl,^  ^  The  Ow  lives  as  far  as  the  64th  degree,  and  in  Liqsland 
even  under  the  71st.  This  animal  appears  lobe  a  natfve  of 
the  warmest  part  of  the  temperate  zone  ef  die  old  eonU^ 
Bcnt;  it  is  there  that  he  attains  the  greatest  degree  of 
strength  and  courage.  But  in  the  more  humid  and  cold  di* 
mates,  as  Gallida,  Holstein,  and  Iceland,  the  ox  grows  mucb 
larger,  and  the  cows  give  move  milk.  In  Iceland^  it  »  in 
the  valleys  lying  to  the  north,  and  under  the  05th  degree  of 
latitude,  that  the  cattle  thrive  best  The  cows  there  have 
no  horns,  but  yield  abundance  of  milk.  The  ancient  Ice- 
landic colony  in  Greenland,  exported  butter,  salt  beef,  and 
bides  ^.  The  benevolence  of  Providence,  by  rendering  this 
most  useful  species  capable  of  suf^rting  almost  every  di* 
mate,  has  thus  enabled  it  to  follow  man  to  the  remotest 
boundaries  of  animated  nature. 

TIw  afaeep.  The  Sheqf  and  the  Goat  equally  support  the  polar  cdd 
and  the  heat  of  the  torrid  zone.  Goats  are  very  numerous 
in  Norway  and  in  Iceland^  The  ori^nal  race  of  sheep, 
the  Jrgalif  or  the  Mot^bny  still  exist,  if  we  may  credit 
Zimmerman,  in  all  the  great  mountains  of  the  two  continents* 
The  CapHoom^  and  the  Ibew^  or  WUd  Goaff  which  are  the 
ancestors  of  the  common  goat,  inhabit  the  highest  summita 
of  the  two  continents. 

•  CbQiDB*  Aooount,  &c  p.  567. 

A  Specnlmn  ngde,  1S8»  191,  SOO.    See  the  Moount  ef  andcnt  Gieenland 
in  our  first  voluns* 
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The  SafsCf  which  did  not  exist  in  the  new  continent  be- The  horie* 
fare  the  arrival  of  Europeans,  is  spread  in  Europe,  and  in 
Iceland,  as  far  as  beyond  the  polar  dircle.  In  Asia  the 
horse  is  scarcely  found  beyond  the  64th  parallel ;  in  America, 
the  race  has  spread  to  the  country  of  Patagonia,  the  climate 
g¥  which,  under  the  50th  degree  of  south  latitude,  answers 
to  the  climates  dFtbe  northern  hemisphere  lying  under  the 
60th  parallel. 

It  aj^ears  to  us,  that  there  were  in  the  old  continent  at 
least  three  original  races  of  Jwraee*  The  first,  and  thel'bieeneei 
best  proportioned,  was  originally  spread  between  the  4>0th 
and  55th  parallels,  and  probably  came  from  Great  &t- 
charia,  from  Perna,  or  even  from  Aaa  Minor  ^  ThePeraan 
Tartar  steeds,  and  those  of  Poland  and  Hungary,  seem  to'^^ 
have  preserved  the  original  fcnrm  of  the  breed.  In  countries 
that  are  moderately  damp  and  cold,  and  where  there  is 
rich  pasturage,  this  race  has  become  larger  and  stronger. 
Tlie  forms  which  are  best  developed  have  acquired  that 
symmetry,  and  that  noble  warlike  gait  which  mark  tlie 
Danirii,  Norman,  and  English  horses.  These,  however, 
have  been  mixed  with  the  Arabian  race.  T*he  third  variety 
of  the  first  race  is  a  degenerate  breed,  produced  by  the 
deteriorating  influence  of  a  climate  excessively  damp;  we 
may  even  trace  the  different  degrees  of  diis  degeneracy. 
The  horses  c^  the  country  of  Bremen  have  their  feet  wivse 
made  than  those  of  Holstein  and  Jutland.  As  we  proceed 
to  East  Friesland,  their  shape  grows  more  and  more 
clumsy. 

The  second  race  is  smaU,  and  sometimes  almost  dwarfish ;  Mongolia 
its  characteristics  are  a  compact  square  form,  endowed  with^^^^^^ 
great  strength,  and  surprising  agility.  It  appears  to  de- 
rive its  origin  from  the  northern  upland  plains  of  Asia,  from 
the  steppes  of  Kirguises,  although  Pallas  looks  upon  the 
wild  horses  of  these  countries  as  having  come  from  the 
Studs  '.     This  race,  according  to  some  accounts,  appears  to 

•  See  the  passages  collected  together  by  Bochart.    HiezozcricoBi  b«  iL  di.  9# 
f  Pallas,  Voyages,  i  p.  376,  in  Svo. 
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be  spread  in  the  north  of  India  s,  in  China,  and  in  the 
islands- of  Japan.     It  is  more  certain  that  the  breed  is^com- 
mon  in  Russia  and  in  Scandinavia.     The  Norwegians  in* 
troduced  it  into  Iceland  and  Scotland.     It  esists  in  the 
Danish  island  of  Zeeland. 
Arab,  or        The  third  race  of  horses  is  possessed  of  the  most  showy 
African      properties,  being  extremely  swift,  supple,  vigorous,  and 
mettlesome.     We  mean  the  Arab  race,  which  undoubt- 
edly has  a  common  origin  with  that  of  Barbary,  if  it  has 
not  given  birtli  to  it.     The  Andaluman  horses  are  its  lineal 
descendants.     The  English  say  that  their  race  horses  are 
directly  sprung  from .  crossing  the  Arab  with  the  Barb. 
History  proves,  that  the  Romans^  the  Saxons,  the  Danes,, 
and  the  Normans^  by  introducing  into  Britain  the  various 
races  of  their  respective   countries,   laid  the  foundation 
of  the  English  breed.     Private  persons  afterwards,  from 
time  to  time,  imported  Arabian  and  Barbary  stallions. 
The  ass.         The  Ass,  though  far  from  being  reckoned  a  very  delicate 
animal,  does  not  support  cold  so  well  as  the  horse.    In  £u« 
rope,  it  is  rarely  seen  beyond  the  5Sd  parallel ;  and  we  do 
not  believe  that  it  can  prc^gate  at  60  degrees  of  latitude. 
The  climates  most  favourable  to  the  ass  are  those  between 
the  SOth  and  40th  parallelsw     There  he  grows  large  and 
handsome,  is  lively  and  docile,  and  is  treated  with  kind* 
ness  \     The  wild  ass  is  now  found  only  in  Tartary,  where 
it  never  goes  beyppid  the  48th  degree  of  latitude. 
The  hog,        The  history  of  the  Hog  throws  great  light  upon  that  of 
its  connec-  jjj^|,^     ipjiig  {q^[  animal  is  to  be  met  with  throughout  the 

tion  with  n    t  '  . 

the  history  whole  of  the  aucieut  continent,  beginning  at  the  64th  pa- 
of  man.  mallei  of  northern  latitude.  The  toild  boar  is  not  found 
beycxid  the  60th  degree.  In  the  New  World  there  were 
none  of  these  animals,  previously  to  its  discovery  by 
Columbus;  they  have  been  brought  into  it,  and  they 
live  there  from   the  50th  northern  parallel  to  Fatago- 


^  Pennant,  Outlines  of  the  Globe,  iL  239. 

*■  De  Grandpr^,  Voyage  au  Bengale,  iL  229,     Niebuhr,  Dcscciption  d« 
fArabie.    Bochart,  Hierozoicon,  lib.  ii.  ch.  13. 


PHYSICAL   GEOGRAPHY.  617 

nia.     The  hog  is  distributed  over  almost  all  the  islands 
of  the;  Great  Ocean,  where  it  is  the  chief  ddmestic  ani- 
rmH,  •  'Is  it  not  evident  from  this'  angle  fact,  that  the  is- 
lands of  the  Pacific  Ocean  have  received  their  inhabitants 
from  the  south-east  of  Asia  ?   We  may,  with  equal  justice, 
eondude,  that  had  there  been  farmerly  a  communication 
.between  America  and  the  people  of  the  ancient  continent, 
\tfai8  must  have  taken  place,  either  at  a  period  when  man 
did  not  reckon  the  hog  in  the  number  of  domestic  animals, 
or  under  latitudes  more  northerly  than  those  in  which  this 
animal  can  exist. 

i  The  Caty  now  distributed  over  the  whole  globe,  was  not  The  cat 
-met  with  as  a  native  of  America.  As  this  animal  must 
have  always  accompanied  navigators,  its  original  absence  in 
America  greatly  invalidates  the  pretended  accounts  of  the 
CSartha^nians,  and  especially  the  opinion  that  the  Japan- 
ese maintained  frequent  commercial  intercourse  with  the 
nord>-we8t  of  America.  The  cat,  however,  existed  upon 
'Several  islands  of  the  Pacific  Ocean  before  the  arrival  of 
Europeans. 

The  species  of  wild  animals  spread  over  all  the  cUmates 
of  the  two  continents  are  very  few;  it  is  even  aoAbtfal 
whether  there  are  any,  except  those  which  have  been  ihtrq- 
duced  into  the  new  world  by  man. 

Of  all  wild  animals,  the  Fox  is  perhaps  the  most  exteo-  The  fox. 
sively  distributed,  and  most  earily  assimilates  to  every  cli- 
.mate.  Vast  troops  of  foxes  inhabit  Nova  Zembla,  and  the 
shores  of  the  Frozen  Sea ;  and  they  are  not  less  numerous 
in  Bengal,  in  Egypt,  and  upon  the  coast  of  Guinea.  The 
New  Ckmtinent,  says  Zimmerman,  is  filled  with  them,  from 
the  northern  parts  of  Greenland,  under  the  78th  degree, 
as  far  as  tp  Mexico,  and  from  M^co  along  the  Cordilleras 
U>.  the  straits  of  Magellan.  But  travellers  have  ajpplied  this 
name  at  random ;  we  have  no  satisfactory  proof  that  there 
are  any  real  foxes  in  South  America. 

Animals  similar  to  the  Hare^  are  found  equally  in  Siberia  The  haie. 
and  on  the  banks  of  the  Senegal,  upon  the  coasts  of  Baf- 
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fin^8  Baj,  and  oirer  all  the  New  Contiiient  BUt  BUffoaliaB 
ezprdssed  his  doubts  as  to  the  identity  of  die  Ammcan 
hares  with  those  of  the  andent  continent ;  it  does  not  at 
least  appear  that  any  real  hares  has  been  seen  in  South 
America.  It  is  said  that  those  of  Greenland  differ  ffom 
ours  <Hiiy  with  respect  to  their  skin,  which  remeim  always 
white  K  The  hares  of  that  arctic  country  appear,  however, 
to  be  of  the  spedes  Lepu9  varidbiUi,  'whkh.  is  known  only 
inSiberia^ 
The  sqmr-      The  Sqmrtely  acoording  to  Zinim«rmann, 


part  of  Europe  and  Asia,  from  the  extrennties  of  Siberia 
to  the  kingdom  of  Siam,  and  is  to  be  met  with  in  Afiiea 
and  the  two  Americas.  But  it  appears  that  in  every  le- 
gion of  the  world  the  species  are  diflSerent. 

The  xBbbit  "^^  RobbUf  being  unable  to  live  in  the  open  air  of  the 
climate  of  Sweden,  could  not  have  emigrated  into  the  New 
Continent  by  the  countries  in  the  ndghbourhood  of  the 
pole.  All  the  rabbits  that  are  seen  in  tiie  New  Conti* 
nent,  have  been  brought  thither  by  colomsts,  and  have 
afterwards  passed  from  the  domestic  to  the  wild  state. 

The  ftag.  The  Stag  appears  to  be  indigenous  to  both  continents. 
It  inhabits  Europe  as  fiir  as  the  64th  d^ree,  and  Aria  to 
the  65th,  and  in  some  plaees  even  to  the  fiOth  degieew  It 
is  therefore  difficult  to  conceive  how  it  eouid  have  passed 
into  America,  as  Zimmennann  supposes,  llie  stag  of  Ca- 
nada,  having  horns  without  antiers,  ebould,  we  apprehend, 
be  conridered  as  a  distinct  species  \  JSmmerniaii  also  en* 
deavours  to  prove,  by  numerous  testimcmieB,  that  the  sM^ 
is  to  be  met  with  in  the  islands  of  Java,  Sumatra,  {md  Cey- 
lon, as  well  as  in  Abysrinia,  Guinea,  and  Bsarbaiy.  But, 
in  the  first  place,  the  stags  in  tiie  islands  to  the  south-west 
of  Asia,  in  general  imperfectly  described,  now  appear  to  be>- 
long  to  the  species  vf  Circus  aans^  and  some  of  tiiem  perhaps 

i  Otho  FabriciiiB,  Fauna  QioeriRBdIeB  eyumfttiae  SbttM  A«appii«  Giwa^* 
loclia  Ooddeiitalie,  hsttnui  indi^ata.    Ctopen.  17S0. 
k  Utaihj  Systime,  edit.  13.    GmeUn,  L  p.  100. 
>  Comp.  Cuvier,  Tableau  El^mentaire,  p.  160. 


(p  die  Jmbikfeotyif'^.    AnA.astoihe  esustenee  tif  stags  in  if  there  an 
Afrtcm  siaoe  it  is  altogether  denied  by  the  a]icieiits%  and^i^  "" 
insuffioiratly  eelaUisbed  l;)y  nxMlera  audioritieB  %  it  is  pR>. 
bflUyeonfined  to  a  few  herds  whidbi  had  stntjped  fcom 
A«a»  oc  peihaps  ikroke  looae  from  some  royal  or  proooo- 
«iilar  pack. 

SbaU  we  place  the  Cbmnuvi  ifetr  »  die  number  of  ani-Common 
jmd&  whkb  are  spread  aver  the  whole  of  ik»  globe i    2im-^'^*^ 
mermaBi  finds  it  in  all  ^titiides,  from  thepolar  circle  to  the 
mfmikXf  and  beyond  it;  bul^  in  the  aflcoMiiti  which  be 
f|ii9les,  we  cannot  always  distinctly  asoertain  what  variety 
^snofeimed'to. 

The  Blofik  BeflTj  which  is  the  laige^t,  afapears  to  be  met 
with  in  both  ooiitiiients.  Its  eiuslence  in  North  Abica  has  . 
been.q^eariy  proved^ ;  but  the  animals  in  America  to  which 
4bi6  nwne  ;bas  been  given,  are  not  aecnrately  described.  As 
to  the  Bromv^Bcar  of*  the  Alps,  we  shall  assert  nothing.  It 
.4iua^  wilhout  doubt,  in  Siberia,  but  it  b  not  met  with  in 
.tb^  Aleutian  Elands,  and  is  narely  seen  iqpon  the  coasts  of 
.Ijie  FjKNKen  Sea,  the  abode  of  wlute  or  sea  bears.  As  to 
ibie  small  bear,  which  &e  Norwegians  name  fnyraJnomj  or 
maish  bear»  it  seems  to  be  a  peculiar  variety,  con&icd  within 
very  narrow  limits. 

We  have  still  to  ecmaider  the  geographical  distribution  Smdl  qua. 
of  some  small  animals,  oonoeming  whidi  we  are  extremely     ^^^^ 
.'liable  to  err*  ' 

..  The  E^imnej  or  weasel,  with  a  black  muzele,  aooording 
.10  Zimmenonaan,  is  a  native  of  every  <£mnte,  being  found 
in  the  lC<ducca  Islands,  in  Ckiyana,  and  in  Africa,  as  well 
«siin  Sibefia,  Lapbmd,  Newfoundland,  and  Canada. 

R0U  and  Micij  those  troidi>le8ome  pamsitep,  embark  on 


«  Talentin,  quoted  in  tke  2d  Yolume,  article  Cdebei. 

"  Herod,  iv.  192.    Comp.  Plio.  Axif  t  &c.  apud  Wendiug,  ad  Herod. 

■SWViftt.  . 

•  Gataker,  MiBodlaa.  L  ii.  ap.  8.    fi)iaw*fl  TnMk»  i.  ITO,  ^pHito  eil. 
p  Sahnag.  Exeidt  Flinian.  220.   Shaw's  Tnnrels»  1 177.  XittdieT)  Uistoize 
d'Herodot.  liL  p.  488-490.  ^    . 
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'    '  board  our  diips,  and  oxibs  with  impiuiity  the  eqaattM*)  as 

irdl  as  the  polar  dides.     It  is  to  navigatioa  that  we  must 

aflcdbe  the  extensive  distribulioa  of  these  two  kinds  of  ani- 

mals.     On  land,  howeirer,  neither  rats  nor  mice  can  sup- 

^rt  the  cold  of  the  £rigid  zone ;  ih&e  are  none  of  them  in 

Greenland,  nor  in  the  most  northern  part  of  Lapland ;  and 

in  Siberia  they  are  never  observed  beyond  the  6l8t  paraUeL 

From  the  preceding  observations,  we  may  draw  the  oon* 

dnsion,  that  it  is  not  yet  certainly  dcDionstrated  that  any 

spedes  of  ammais,  perfectly  identical,  has  been  distributed 

by  nature  over  all  the  regions  of  the  globe.  '  In  anular 

climates  the  organizations  have  assumed  charactos  which 

nearly  approximate,  but  never  exactly  coindde. 

Q„^        There  are  »me  quadrupeds,  wUch,  f««i  their  fliipacity 

wed^**^®^  supporting  a  very  great  degree  of  cold,  are  distributed 

Bortfaem     in  both  continents  without  having  ever  passed  the  tropics  ; 

*^*°*^**'*^  they  belong  to  the  cold  part  of  the  north  temperate  zone. 

The  xtin        The  Rein  Deer^  of  all  known  tenrestrial'anhnals,  has  its 

range  nearest  the  pde.     In  Scandinavia,  it  can  scarcely 

exbt  to  the  south  of  the  66th  parallel ;  in  Bussia,  fromi 

the  greater  coldness  of  the  climate,  it  b  found  under  the 

68d ;  in  Asia,  it  descends  still  lower,  and  roves  into  Chinese 

Tartary,  among  the  Tunguses,  beyond  the  SOth  degree. 

*   This  oblique  line,  drawn  from  Laj^nd  to  the  land  of 

Yesso,  is  very  remarkable,  because  it  nearly  designates  the 

physical  frozen  zone  of  the  ancient  continent  \     The  rdn 

'  jieer  finds  within  this  line  only  a  species  of  moss  %  on  which 

it  lives.    As  the  new  continent  is,  if  not  colder,  at  least 

more  uncultivated  than  Siberia,  the  rein  deer,  or  the  iari- 

iou  of  Canada,  which  is  the  same  animal,  descends  as  low 

as  the  4fith  parallel.     The  animal  which  has  been  termed 

the  Greenland  staffs  is  only  a  rein  deer. 

The  white      The  White  or  Polar  Bear^  an  animal  totally  different  from 

^1^^     the  coQunon  bear,  and  much  more  forpudable,  inhabits  all 

the  coasts  of  the  frozen  sea,  and  can  cross  from  cme  coun- 

try  to  another  iipon  the  floating  ice.     This  mode  of  con- 

4  Georgi,  Description  de  la  Rusfie,  iii«'16i0, 
f  Lichen  Aangiferinus,  L* 
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vejfsaiice  i^oold  be  still  more  common  to  smaller  animals. 
Hence  the  migrations  of  the  different  kinds  of  polar  ani« 
mals  does  not  prove  that  the  two  continents  were  formerly 
contiguous.  A  bridge  of  ice,  such  as  Cook  found,  is  suffi- 
cient to  account  fat  these  migrations. 

.  The  IsqtU^  or  Polar  Fass^  an  animal  different  from  thelsatlsor 
common  fox,  appears  to  like  the  cold  more  than  the  reitf^*°^  ^^ 
deer,  or  eiEen  the  white  bear ;  for-  the  bear  retires,  or  con- 
ceals itself  at  the  approach  of  the  polar  night ;  and  it  is 
only  th^i  thi^  the  isatis  makes  its  appearance.  This  ani- 
mal is  not  confined  to  the  immediate  vicinity  of  the  pole, 
it  advances  as  far  as  the  Aleutian  Islands  and  Eamtchat- 
ka  on  one  side,  and  on  the  other  to  Iceland  and  Lapland. 

Some  other  species,  which  could  swim^  may  have  passed 
over  by  the  Aleutian  Islands,  or  by  Behring^s  Straits, 
Amongst  these  the  river  Otter  should  be  named,  which  is  otter, 
found  upon  the  old  continent,  from  the  70tb  degree,  to 
about. the  fiOth,  in  the  kingdom  of  Siam;  but  in  the  Eu- 
ropean countries  on  the  shores  of  the  Mediterranean,  it  is 
scarcely  ever  seen,  having  been  probably  expelled  in  conse-^ 
jquence  of  the  cultivation  of  the  soil.  In  the  new  world,  its 
princqial  range  is  between  the  50th  and  40th  parallels.  The 
Jfarah  Otter  is  confined  to  a  still  narrower  range  in  the  an- 
cient continent,  viz.  the  space  between  the  6dth  and  50th 
parallels  of  northern  latitude.  The  Marine  Otter  seems  to 
pr^er  the. coasts  of  Kamtchatka,  and  the  north-west  c£ 
America,  from  the  65th  to  the  40th  degree '. 

The  Industrious  and  peaceful  Beaver  was  once,  perhaps,  Beaver, 
a  native  of  all  the  countries  of  the  globe,  or  at  least  of  the 
whale  of  the  northern  temperate  zone,  for  their  habitations 
existed  in  Italy,  in  Persia,  and  in  Egypt.  This  half  civi« 
lized  race  of  animals  has  been  extirpated  by  man.  In  the 
new  world,  we  still  find  small  communities  of  beavers,  from 
the  60th  to  the  30th  northern  parallel.  But  even  in  the 
desarts  of  Canada,  they  have  withdrawn  to  a  great  distance 
from  the  residence  of  man. 

• 

'  Georgi,  Description  de  la  Riusic,  iii. 
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The  mar-       ^^  ^^  Mofien  is  asfligiied  about  tmo^t)mdBe£  themaaelk^ 
ten.  enitefiqperatez(»ie,bcgiium^^  the67llid^i«em 

the  64th  ia  jAjia,  imd  tlie  6Mli  m  AflMfficR.  ZanmienDaDiial' 
leges  that  it  is  to  be  met  with  is  Madagascar,  ia  the  jdag^ 
dom  of  Anziko,  and  ii^^S-ttyaoa ;  but  the  only  taseiUBWtaBee 
whioh  has  been  proved  is,  that  the  marten^  properiy  socaUed^ 
as  well  as  the  valuaUe  Saih  Markn,  is  dispersed  over  Ae 
Aleutian  Islands,  where  the  Sibenan  marten  is  never  to 
be  found  K 
Lynx.  The  distribution  of  sonae  other  kinds  of  animeh  is  *«». 

certain.     The  Lyfia,  that  t^er  of  cold  dimaiteSylivcB  to  the 
south  qS  the  pdar  cirdie ; .  in  the  ancient  coatineBt,  he  ap- 
peaJTB  as  fiur  north  as  the  P3rrenees,]and  in  Moangdia.    We 
are  but  imperfectly  acquainted  witib  those  animdaof  the  new 
world,  particularly  of  Carofina  and  of  North  Mexico,  to 
-   which  the  name  of  lyuM  has  been  given. 
The  elk.         The  EUc^  ffli  aniinal  whidi  is  every  day  becoming  more 
rare,  seems  to  dread  extreme  odd,  since  m  Europe  it  yerj 
seldom  passes  to  the  north  of  the  64th  pataUel;  on  the 
other  hand,  it  is  never  found  to  the  south  of  dtt  fitd  de. 
gree.     In  Asia,  die  farther  we  advance  tewards  the  east, 
the  more  does  it  raiige  to  the  south.     The  Amerieab.elky 
ihon^  not  much  diffiBrent,  appears  to  belong  to  a  partico- 
lar  raoe,  as  the  genuine  elk  of  Asia  does  not  pass  Samt- 
chatka  and  the  Kurile  islands  *.     Ilie  region  of  the  elk  in 
America  begins  under  the  pandlel  at  wfaidi  it  tenntnaSes 
in  Europe,  that  is,  to  the  soudiof  Hudson^  bay,  and  ex- 
tends to  New  England,  or  periii^  in  the  kiterior  as  far  as 
tothe(Hiio. 
Squin^        rphe  Fhfing  SqiArrel  never  ventures  ftrther  either  north 
xats,  &c     or  south,  than  the  limits  of  the  fir  forests  in  which  it  makes 
its  abode.  The  Jlf ountotn  Rat  follows  in  Europe  the  dmin 
of  the  Alps  and  the  Caipatlnan  mountains.    It  does  not 
exist  in  Scandinavia,  bat  is  to  be  seen  in  Poland,  and  the 
Ukraine.    It  is  found  at  the  moudi  of  the  Don,  and  preAxu 

^  Gacngi,  DeiciipUon  de  la  Runie,  iii.  1533|  «f^« 
«  Id.  iUd,  160T. 
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bLy  in  QraeaBw;:  it  kdidats  tbe  Uvkl  moliiitaiili  ifear  the 
jtfer  of  Kanra,.aiid  from  t&enee  tbe  twee  has  been  pro{Mi. 
gated  as  £Bur  as  Daoiam  In  the  new  world,  thi6  aiiimai  is 
found  from  Canada^to  Virginn^  and  ev«a  upon  the  Bahama 
islanda. .  The  JBadgerasxi  mam  other  small  atiimiis  inhabit 
equally  the  aorthem  half  cf  the  temperate  asotie ;  but  the 
identit  J  of  these  speoieft  »  neither  established  nor  diq^N'or- 
cd  in  a  niannsr  q«xte  satisfactory. 

The  quadrupeds  which  exdusifdy  betehg  to  the\>»id  or  the  Quadrupeds 
otlier-  of  the  two  eontineiits^  are  in  general  such  as  are  unable  ^^°gi?g  ^ 
to  support  the  cold  which  prearails  beyoad  the  60th  paraUel.  amtment 
The  Lemrnimg  howeTei^  a  spedes  o£  mouse,  whidi  often 
migrate^  in  vastniAabers,  fitnnone  country  to  another,  in« 
hdbils  the  whole  of  the  fnuaen  Kone  of  the  ancient  conun^ot, 
but  has  not  been  diacoveced  in  America.      The  animal 
named  the  Musk,  resides,  in  the  mountains  of  Asia,  from 
Cadiemire  and  die  Ahai,  to  the  mouths  df  the  river  Amur ; 
it  is  not  spread  oyc^  any  part  of  the  new  worid.    There  are 
still  some  exceptions  less  remarkabia 

Certa^  animals  appear  to.be  attached  to  the  confines  of 
what  may  be  caUed  the  torrid  part  of  tbe  temperale  eone. 

The  Cmn^  seems  to  have  jori^naliy  cdmeefrom.  Bactri-<^^ei  with 
ana^  oi?  Great  Bw^baria  \  It  lives  in  Euinpean  Turkey,  in  ^^  "^^ 
the  Cnflsea»  and  aaK>ng8t  the  Kirguises  an4  Baachfccrs,  un- 
4er  the  fifith  degree  of  latitude,  and  in  a  very  rigoniiis 
climate  K  We. find  it  eten  diroi^hoiit  the  wlkrib  of  Son- 
garia,  in  Mongcriia,  and.in  the  coutUary  of  the  MantcheovK 
^BStaxSf  mhexe  the  winter  be^na  in  Septemberand^endsin 
May.  The  camel  does  not  advance  farmer  thnxk  the  SBth  de- 
gree, in  China  and  India.  It  caainot  exiat  in  the  pe&iDsnfai  of 
Hindustan ;  but  in  Arabia  it  has  been  inured  to  live  nearer 
the  torrid  zone. 

The  Dromedairy  or  camel  wtih  tme  hiunp,  well  kttowh  Camel  with 
fiar  its  fleetness,  a{^^rs  to  have  come  frmn  Amhia',  or^''^  ^^^' 

>  AnaU  Hist  Anim.  cap«  1.  Flin.  viil  18.  Bochart,  Hierozoicon,  lib.  iL 

cap.  4.  p.  87,  89. 

7  Pallas*  Voyages  en  Kussie,  ii.  302  iqa*  iii.  tO.  tqa- 

i'BocharU  i*  c 
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Africa*  It  has  been  brought  as  for  as  South  China ;  but  it 
thrives  best  in  Africa,  where  it  is  to  be  met  with  in  Egypt, 
in  Barbary^  on  the  banks  of  the  Seiiegal  and  the  Gambia, 
in  Nigritia,  and  even  in  Guinea  and  Abysnnia.  We  had 
conjectured  that  it  was  an  inhabitant  even  of  the  centre  of 
Africa  ^  the  English' journals  annoiince,  that  it  was  lately 
.  observed  to  the  north  of  the  country  of  the  Boushouanas, 
under  the  tropic  of  Capricorn  ;  but  the  account  which  they 
give  requires  confirmation. 

Both  kinds  of  camels  appear  to  be  diiefly  attached  to  that 
long  trabt  of  mountainous  country,  and  naked  elevated 
plains,  which  traverse  the  wbde  of  the  old  continent,  and 
on  which  they  find  saline  plants,  sudi  as  the  salsola^  the 
statice^  the  artemma,  the  cherry  of  the  steppes,  and  the 
Cytistts  hirsutus^  which  serve  for  their  ordinary  food. 

The  nimble  Chamois  loves  the  mountains  of  the  temperate 

z<Hie,  the  tops  of  the  Pyrenees,  the  Alps,  the  Appenines, 

the  Carpathian  mountains,  Caucasus,  and  the  country  c^ 

Siberia,  to  the  banks  of  the  Ischim. 

The  6a.         The  Antehpc  saiga^  and  the  antelope  with  the  goitre, 

S^ST  ^^^'^^  *^  "P*«^^  P^'^*  ""^  ^^^"Tf ;  Ae  former  is  found 
as  far  as  the  68d  parallel.    The  Gaxette^  with  its  inild  and 

brilliant  eyes,  prefers  the  more  southern  countries ;  a  native 
of  Caucasus,  along  with  the  chamois,  the  gazelle  extends  its 
range  ^s  far  as  Arabia,  and  across  the  whole  of  Africa  to 
Senegambia.  It  is  to  be  met  with  in  the  Sibutherii  tempe- 
rate zone,  and  in  Cafraria,  together  with  a  great  number 
of  other  species  of  antelope.  The  race  of  antelopes  follows, 
like  the  camels,  the  great  upland  plains  of  the  old  conti- 
'  nent.  There  are  species  however,  which  appear  to  be  pe^ 
culiar  to  the  cold  temperate  zone. 
Jackal.  "I^be  Jackal  lives,  according  to  Zimmermann,  in  Turkey, 

in  Barbary,  in  Bengal,  and  in  general  in  the  countries  of 
Asia  and  Africa  situate  between  the  4Sd  and  8th  degrees 
of  northern  latitude.     But  an  animal  which  lives  so  near 

*  Geogxaphie  de  toutes  les  partiei  du  Monde,  publiee  par  Ment^Ile  €t  Mi^^te. 
Brunei,  518. 
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the  line  may  certainly  pass  it;  the  supposed  wolves  of 
Congo  aiid  of  Cafruria  i^pear  to  us  to  be  jackals. 

The  Buffiih^  commonly  regarded  as  originally  coming  Buffalo, 
from  the  toi:rid  zone,  has  been  domesticated,  and  carried  as 
far  north  as  the  46th  degree,  both  in  Europe  and  Asia. 
It  is  probable  that  the  bonasus  described  by  Aristotle,  and 
which  lived  wild  in  the  mountains  of  Fseonia,  a  district  of 
Thracia,  was  a  species  of  buffalo  ^  There  are  two  other  Grontmg 
species  which  occjapy  each  a  separate  tract  of  country. 

The  Grunting  Ox\  or  the  Yak^  inhabits  the  upland 
pltuns  of  Mongolia  t)r  Thibet. 

The  Buffalo  of  CqfrariOy  appears  to  be  spread  over  all  Buffalo  of 
Africa;  for  why  should  we  not  refer  to  this  species  all  the'^"™* 
ancient  accounts  ^  of  bulls  of  a  monstrous  aze,  carnivorous, 
and  objects  of  terror  both  to  men  and  ammals,  which  were 
alleged  to  have  been  seen  in  Upper  Ethiopia,  that  is,  in 
Sennaar  and  Abyssinia,  and  to  which  Philostorgus  gives  the 
name  of  bulLelephanis  f  These  accounts  have  been  con- 
firmed by  the  evidence  of  modern  times  ^.  The  species 
with  moveable  horns,  indistinctly  noticed  by  the  ancients, 
appears  to  have  been  rediscovered  upon  the  Mozambique 
coast.  It  is  posuble  that  we  shall  yet  meet  with  the 
oxen  and  buffaloes  of  the  Garamantes,  whose  horns  point- 
ing towards  the  earthy  forced  them  to  move  backwards  as 
they  fed. 

A  numerous  family  of  Apes  gambol  in  the  forests  between  Quadra- 
the  tropics,  and  show  rather  a  dislike  to  the  temperate  ^^^^* 
climates,  at  least  in  their  wild  state.     The  apes  that  live  of  the  old 
out  upon  the  rocks  of  Gibraltar,  have  propagated  in  that*^*""*** 
situation,  but  they  have  degenerated. 

As  the  word  ape  has  been  taken  in  a  very  generic  ac«  Apes.) 
ceptation,  it  is  said  that  this  animal,  though  confined  to  the 
torrid  zone,  is  equally  to  be  met  with  in  the  two  continents; 

J 

^  Arist  fli&t.  Anim*  u.  cap  L  9.  iz.  etp.  45.  de  pait.  animal,  iiL  2. 

^^  Agatfaardd.  ap  PhoL  Biblioth.  cap.  39.  Strabo,  Geog.  xvL  p.  533.  edit. 
Casaob.  1.  Plin.  viil  21.  (we  must  distinguish  the  oxen  of  India  with  very 
large  horns,  Plin.  viii.  45.  ^lian,  Hist  Anim.  xvii.  45.) 

^  Ludolf.  Comment,  ad  Histor*  ^thiop*  i.  cap.  10.  iii,  cap.  1 1. 
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but,  if  we  carefiiU J  distingaish  the  various  species,  we  shall 
perceive  that  there  are  none  of  them  common  to  both. 
Comftriet        There  is  a  verj  distinct  line  of  demareaticm  between  the 
^^1^^*™'  country  occupied  by  the  Monkey^  the  Baboon^  the  Man^ 
drills  the  Jocko,  and  the  other  apes  of  Aftica,  and  that  in- 
habited by  the  real  Ourang-outanffy  the  Gibbon,  and  the 
WouTffou,  animals  which  most  nearly  resemble  the  human 
figure,  and  which,  as  they  are  met  with  in  the  islands  of 
Borneo  and  Java,  may  have  come  at  first  from  New  Hd^ 
land  or  New  Guinea.      Even  in  tiie  tribe  of  Mdkis,  there 
are  limits  marked  to  each  species :  the  Loria  belong  to  die 
East  Indies ;  the  GaUagos  to  Senegambia ;  and  the  Makis, 
properiy  so  called,  tb  Madagascar  ^ 
Ginffiu         The  Giraffa,  or  the  camel  leopard,  so  remarkable  for  its 
height,  its  swan-like  neck,  and  its  gentle  manners,  seems  to 
belong  only  to  one  region  of  Africa,  namely  that  which 
extends  in  length  from  Cape  Guardafui  to  the  Cape  of 
Good  Hope,  and  to  which  should  be  jcnned  the  mountain- 
ous plains,   which   probably  occupy  all  the  interior  of 
sbuthern  Africa,  between  the  sources  of  the  Nile  and  those 
of  the  rivers  of  Congo,  Benguela,  and  Monomotapa. 

This  re^on,  which  is  almost  unknown,  with  the  excep- 
tion of  the  maritime  parts,  seems  to  be  very  prolific  in  dtfl 
ferent  kinds  of  animals.     Here,  two  sorts  of  asses,  the 
Zebnu       Zebra  and  the  Qitaffga,  are  to  be  met  with,  and  the  wild 
boar  in  his  greatest  strength ;  and  here  also  we  shall  pro- 
bably find  many  of  our  domestic  animals  in  a  wild  state^ 
as  well  as  on  the  central  plains  of  Asia.     As  this  region  of 
Africa  enjoys  but  a  moderate  degree  of  warmth,  the  camel 
leopard  appears  to  be  confined  to  it,  less  by  the  dimate 
than  by  its  own  extreme  timidity.    It  is  seen  as  far  as  die 
twenty-eighth  degree  south,  but  only  on  the  eastern  coast. 
^^J""®^         The  two  varieties  of  the  Rhinoceros  have,  each  of  them, 
one  and      its  own  country.     That  with  two  horns  inhabits  only  South 
wi^two     Africa,  beginning  at  Congo  and  Abyssinia.     The  other, 
with  one  horn,  is  found  in  the  EiEist  Indies,  and  in  China ; 

•  Cuvter,  TaMeM  Eknwnu  p.  M.  tqf. 
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in  tins  latter  country  the  ifainoceros  lives  to  the  thirtieth 
degree  north.  They  have  on  the  other  tide  of  the  Une 
spread  as  far  as  the  islands  of  Sunda.  Some  accounts 
would  persuade  us  that  the  riiinoceros  with  one  horn  ex- 
ists in  Monomotapa^;  but  this  is  probably  a  distinct  spe- 
Gies. 

The  SRjppopotamus IB  now  confined  to  Africa;  it  fives Hifvpopo. 
in  all  the  great  rivers  of  that  quarter  of  the  world,  and  is^"'""* 
seen  in  great  numbers  near  the  Cape  of  Gtx>d  Hopei 

The  ElephanU  of  Afiica  and  Asia  are  of  two  different  Elephantt 
races,  whidi  have  probably  not  intermixed;  for  the  Affl*.^[^;^'°^ 
lie  dephant  infaaUts  only  India,  China,  as  far  as  thirty  de- 
grees,  and  some  islands  to  the  south-east  of  Asia,  to  which 
he  has  been  transported  by  man.  In  Peraa  and  in  Anu 
bia,  we  find  no  elephants  but  diose  which-  have  been 
brought  from  other  countries ;  and  we  know  that  the  ani- 
mal never  propagates  in  the  domestic  state.  The  African 
elephants  do  not  advance  fiurther  north  than  the  SOth  de- 
gree; from  thence  to  the  Cape  of  Oood  Hope  they  are 
every  where  met  with  in  great  numbers. 

The  Lum^  the  powerful  and  formidable  king  of  qua-TlielioiL 
drupeds,  has  been  stript  of  a  great  portion  of  his  domi- 
ni<Hi6;  toty  in  the  age  of  Homer,  and  even  in  that  of  Aris- 
totle, the  inhabitants  both  of  Greece  and  of  Asia  Minor, 
were  accustomed  to  fly  from  his  approach  <.  From  pro- 
fane and  sacred  hbtory,  we  know  that  there  were  lions 
in  Armenia,  in  Syria,  in  Palestine,  and  in  Egypt.  In 
none  of  these  countries  does  the  lion  now  appear.  This 
dreadful  animal  has  been  taught  to  dread  the  arms  of 
man ;  he  has  retired  into  those  countries  where  there  are 
fewest  itthalntants ;  he  roams  in  the  deserts  of  Arabia,  from 
vrhexKe  he  extends  his  ravages  to  the  environs  of  Bagdad. 
The  hon  is  to  be  met  with,  according  to  Zimmerman,  in 
the  mountttms  ci  Hindostan,  and  upon  the  coast  of  Mala- 
bar, upon  the  Gauts  of  India,  and  even  in  the  islands  of 

'Tbomaoii'i  Vojage  and  Biography,  in  Geiman  p.  118. 
c  Herod,  m  c.  126.  Ari«t.  Hist  Anini.  vi.  c  31. 
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Sunda,'  and  the  kingdom  of '  Siaxo.'    This  aj^ars  to  be 
extremely  improbable.    Africa  always  was,  and  still  is, 
the  country  most  celebrated  ibr  an  abundant   breed  of 
lions,  notwithstanding  the  numbers  carried  away  by  the 
Bomans  for  their  sanguinary  sports.      The  lions  which 
roam  in  the  elevated  but  burning  plains,  beyond  Mount 
Atlas,  are  the  most  distinguidied  fioir  strength  and  cour- 
age. 
The  tiger.       The  Tiger y  less  extensively  distributed  than  the  lion, 
approaches  nearer  the  pole,  if  it  be  true  that  Toumefbrt 
saw  some  of  the  species  upon  Mount  Ararat.    The  Busaan 
writers  allege,  that  a  stray  tiger  is  occasionally  observed 
roaming  as  far  as  Mongolia,  and  on  the  banks  of  the  Ischym, 
in  Siberia  ^.     They  are  found  also  in  eastern  Persia,  and 
in  China ;  but  the  climates  in  which  they  attain  the  great- 
est size,  and  display  most  ferocity,  are  those  of  Bengid,  the 
Deccan,  Malabar,  Siam,  Pegu,  Ceylon,  and  Sumatra.     It 
is  in  these  countries  that  the  royal  tiffcr^  a  fit  favourite  of 
oriental  despots,  gets  glutted  with  the  blood  of  the  slaves 
who  are  consigned  to  his  fury. 
^"^^         Africa  contains  no  genuine  tigers ;  but,  by  way  of  com- 
pensaticm,  it  has  Panthers  and  LecpardSf  two  species  that 
are  sensibly  distinguished  only  by  their  spots,  these  being 
more  beautiful  and  more  perfectly  rounded  in  the  leopard, 
which  chiefly  inhabits  Guinea  and  Senegambia. 
The  oance.      The  OuncCj  which  differs  from  the  panther  in  the  grey 
colour  of  its  hide,  and  the  superior  mildness  of  its  nature, 
is  more  widely  distributed,  as  it  is  found  throughout  the 
whole  of  Barbary,  in  Arabia,  in  Tartary,  and  China,  and 
sometimes  makes  its  appearance  near  Kutznesk  in  Siberia. 
Inference        Fom  this  sketch  of  the  geographical  distribution  of  ani- 
ScMimals  ^^^  peculiar  to  the  ancient  continent,  the  foUowii^  gene- 
ofthean-    ral  inference  appears  deducible,  viz.  that  the  interior  of 

nrat  ^°**'  ^^9  ^*^^  ^^^^  of  4f^^^9  *^^^  ^^^^  ^^^  of  ihe^  the  f*a- 
tive  region  of  a  certain  number  of  species  of  animals.    The 

tiger,  the  Indian  elephant,  the  camel  with  two  humps,  the 

^  Georgi,  Deicription  de  la  Russie^  iii.  1519. 
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^Id  sbeep^  the  Kouldn  or  wild  ass,  the  Dchiggeiai  or  horse 
ass,  the  grunting  ox,  the  elk,  and  the  niusk,  are  the  aniinal^ 
peculiar  to  the  central  upland  plains  of  A^a.  Those  which 
are  characteristic  of  the  upland  eastern  plaint  of  Africa, 
are  the  lion,  the  African  elephant,  the  dromedary,  the 
buffalo  of  Cafraria,  the  zebra,  the  quagga,  and  monkeys. 
We  cannot  help  thinking,  although  oh  evidence  which  we 
admit  to  be  weaker,  that  the  northern  upland-plain  of  Afri- 
ca, or  Mount  Atlas,  the  western  upland  plain  of  Asia,  or 
Taurus,  and  the  centre  of  Europe,  or  the  Alps,  haVe 
equally  had  their  indigenous  races  of  animals;  If  the  two  Quadnx- 
great  masses  of  the  old  continent  have  produced  each  ofP^®^*? 

1  -  /••iitti  r  ''*^  world. 

tnem  its  own  races  at  animals,  why  should  not  the  new 
world  have  also  races  of  its  own  ?  Why  should  the  majes* 
tic  chain  of  the  Cordilleras  of  Mexico  and  of  Peru,  have 
been  more  excluded  from  the  general  action  of  vital  energy 
than  the  central  upland  plains  of  Asia  and  Africa  ? 

Nothing  can  be  more  natural  than  to  suppose  that  the 
vast  and  isolated  continent  of  America  had  also  its  peculiar 
creation.  The  very  few  animals  which  were  able  to  pass 
from  the  one  continent  to  the  other  by  the  north,  could 
scarcely  have  traversed  the  very  hot  climates  in  the  interior 
of  Afnerica*  South  Amerida  at  least,  then,  would  have  re-^ 
mained  wholly  desert,  had  not  nature,  which  leaves  no  spot 
unpieopled,  furnished  the  new  continent  with  species  of 
animals  entirely  unknown  to  the  ancient  world. 

Amongst  the  animals  which  peculiarly  belong  to  North  Quadra- 
America,  we  think,  may  be  reckoned  the  great  elk^  named  ^J^^ 
the  Moose^deer^  as  well  as  the  great  stag  of  those  countries ;  America, 
species  which,  to  the  eye  of  a  mere  naturalist^  would  ap- 
pear only  as  varieties  of  families  found  in  the  ancient  con- 
tinent, but  which  physical  geography  pronounces  to  be  ori- 
ginally different,  by  shewing  the  extreme  improbability  of 
their  supposed  passage  from  Asia  to  the  north-west  coasts 
of  America.     The  bears,  the  lynxes,  the  ounces  of  the 
United  States,  are  probably  as  different  from  the  animals    * 
of  the  same  name  in  the  old  continent,  as  the  squirrels  and 
hares  are  upon  which  they  feed. 

VOL.  I.  S  AC 


BUoD.  1^  Biiom^  or  hinip^d  bulls,  ace  die  largest  qiuuirupedB 

in  the  nev  world :  They  roam  in  great  herds  ftom  HudU 
soo's  Bay  throng  /die  whpie  of  Canada,  io  the  western 
territory  of  the  Umted  States,  io  Loidsiana,  to  New  Mex- 
ico, and  as  far  as  the  Aates  of  the  Gidf  of  Caltfomia;  thsct 
is,  from  the  69^  to  the  99"  of  north  latitude.    They  differ 
from  the  eebui  of  India,  and  fcom  the  ta^tu  of  Europe; 
but  the  thick  wool  winch  clothes  their  back  and  neck,  as 
.   weU  as  the  beard  that  covers  their  chin,  remind  ui,  it  must  - 
be  confessed,  of  the  Uion^  described  by  the  andents  as  an 
^animal  inhabiting  Scythian , 
MaA  OK.       Motion  is  made  of  a  MuaJc  ox^  whidi  inhabits  the  ex- 
tremities of  America,  between  the  Welcome,  Baffin's  Bay, 
aiid  the  Copper  Aiver.   According  to  other  accounts,  it 
wanders  as  far  aa  towards  the  Pacific  Ocean  ^.    It  is  al- 
leged to  be  a  species  of  buffalo,  but  the  accounts  »-e  still 
very  vague  aa  to  this  point    The  Mexican  stag  is  to  be 
met  with  in  both  Ameriicaa^  so  that  we  cannot  ascertain  its 
native  country ;  but  the  animal  resembling  a  large  sheep, 
which  has  been  observed  to  the  n(»rth  of  California,  appears 
to  he  different  fiom  the  andogons  species  which  browse  in 
Pern. 
Quadra.        ^^  YoguaVj  the  tigrar  of  the  new  world,  resemUes  the 
peds  indige-  ounce  in  streuffth,  and  (lie  nantber  io  skin.    Zimmermann 

nous  to  ^  ,  - 

South  proves,  from  the  narratives  of  modem  travellers,  that  there 
Amenca.  ^g  ^f  ^^  species  of  yaguars  some  wluch  equal  the  tiger  in 
8iae..^The  Punuty  or  the  Couguary  which  has  been  called 
the  American  lion,  has  a  body  more  neaiiy  resembling  the 
wolf,  and  a  head  Uke  that  of  thie  kopard  of  Guinea.  These 
are  two  kinds  quite  unknown  to  the  old  world.  The  ya- 
guars supposed  to  have  been  seen  in  Mexico,  were  proba- 
bly either  ounces  or  lynxes.  It  is  equally  doubtful  whe- 
ther this  animal  has  advanced  as  far  as  die  cold  country  of 


i  «  Villosi  terffa  Iqsontes.*'    Sen.  HippgL  v.  64. 

^  P.  Marco  de  Niza,  quoted  by^^^mermanD,  Almanach  de  Toyages,  1800, 

p:73. 
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Patag<mia.    The  (X}ugmr  \%  iir6t  <)tsttibutdd  &tther  thab 
th^  45""  of 'sonih  latitude. 

•  Thb  Lamd  dr  GuanaxiOj  i^hictk  ha^  j  ibeen  &mpr6periy  Luda 
AAnked  the  camel  of  iSie  ikeW  worid ;  and  the  Paca,  vrblch.  in 
ItodcMedtic  state  is  called  Mcu/iiwi,  or  vigoni^  or  Peru« 
vian  sheep,  inhabit  Chili  dr  I^eni,  to  the  10''  sbuth  lati- 
tade ;  th^y  are  distributed  neither  in  the  plaihs  (^  Tck^u- 
taian^  nor  in  thbsfe  ofParaguay  K 

The  TVipjr  is  the  largest  quadiruped  of  South  Anietid^  Tapir, 
although  it  is  only  the  height  of  a  cow ;  the  lumadiUo,  the 
tajassou^  the  idle  aSy  or  sloth,  the  FaurrhiRetf  or  ant- The  Ant- 
eater,  the  Ta^ncmnri  the  diSbi^nt  Agoutis  and  CoatUr^^^^^^ 
species,  all  of  which  acknowledge  South  America  as  the 
plafe^  of  their  nativity,  d6  not  in  general  spre^  beyohd 
the  tropic.    The  tajassou,  howeTler^  according  to  Some  a6- 
i»unts,  is  fdund  in  Chili    The  small  long-lailed  apes,  thb 
SapctfOM  or  Mahnoseis,  the  TamarifiSj  the  sdgdmni^  ahdMannowti, 
Other  attillar  species,  dre  very  numerous,  very  various^  and  a^"*^** 
very  ptetty  over  all  the  torrid  zone  bf  Aiherica;  they  es^ 
sentially  differ  from  the  apes  of  Africa  and  Asia. 

dii  the  confines  of  the  teniperate  zone^  we  obsei*ve  stags 
of  different  khids,  the  beaver  of  Chili,  various  Caviais, 
amilar  to  hares,  itnd,  accbrding  to  Molina,  the  hors^  with 
cloven  feet.  The  spedeS  which  exclusively  belong  to  th6  SmaD  tise 
New  Continent,  are,  as  we  have  seen",  very  nuinerotis;  h^t^^^^ 
they  ar)e  of  a  much  smaller  dze  than  the  analogous  sj^ies 
which  lite  under  the  same  latitudes  in  the  ancient  world. 
Physical  geography  informs  us  of  the  causes  of  diis  p^-. 
liarity.  Do  We  not  know  the  peculiar  cbufigui^tidn  of  the 
American  continent?  Mountains  cbid,  and  partly  bar- 
ten^  are  immediately  succeeded  by  matshy  forests^  and 
pbdn^  continually  inundated.  The  torrid  zone  in  Americii 
affords  but  a  small  eittent  of  land ;  the  temperate  zotie  of 
fhe  North  is  encroached  on  hr^  cold  marshes ;  in  that  of 
ihe  Sduth,  the  continent  tapers  almost  into  a  point.  Thus, 

^  Hdinsy  Voyage  de  Buenoe-Ayres  &  Lima.    Azaia,  Quawupedes  de  Fa. 
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throughout  the  whole  of  thia  continent,  the  larger  dpedes  of 
animals  are  either  strangers  to  the  climate,  or  have  not 
room  for  the  full  development  of  their  energies. .  On  the 
other  hand,  imported  animals  which  agree  with  the  climate 
of  America,  lose  nothing  of  their  size,  their  beauty,  or  their 
strength.  The  horse  and  the  ox  have  not  in  the  least  de- 
generated in  the  extensive  pastures  of  Paraguay.  If  the 
human  race  appears  to  have  undergone  deterioration  in 
America,  this  should  be  ascribed  rather  to  political  than 
to  physical  causes. 

If  reptiles  and  insects  abound  in  America,  if  they  there 
attain  a  larger  uze  than  any  where  else^  it  is  only  when 
conddered  relatively  to  the  known  regions  of  Africa.  These 
regions;  peopled  from  time  immemorial,  have  seen  their 
primitive  animals  fly  before  the  face  of  man;  but  who 
knows  whether  the  unexplored  interior  of  that  continent 
does  not  contain  extensive  marshes,  as  thickly  peopled  with 
reptiles  and  insects  as  the  coasts  of  Guyana  ?  Does  not,  more- 
over,  the  Delta  of  the  Ganges  swarm  with  serpents  of  enor- 
mous size  ? 
Character  of     The  distinctive  character  of  South  American  zoology 
^^^^87  consists  then,  principally,  in  the  difference  of  species,  a  dif« 
Americft.    ference  which  proves  how  little  intercourse  this  great  pe- 
ninsula has  had  with  the  rest  of  the  world ;  it  has  not  re- 
ceived any  species  even  &om  North  America^  while  the  lat- 
ter country  has  beheld  the  number  of  its  animals  augment- 
ed by  accessions  from  those  of  South  America. 
Quadrapeda     We  have  Still  to  consider  another  province  of  the  animal 
mte  Cron"  '"08^o™>  *  province  hitherto  imperfectly  explored,  but 
trieg.  certainly  very  distinct  from  those  which  we  have  already 

examined.  The  islands  to  the  South  East  of  A$ia,  as  well 
as  the  great  island  of  New  Holland,  occupy  a  position  very 
sdmilar  to  that  of  South  America.  In  them^  therefore,  should 
be  the  cradles  of  races  of  animals  very  different  from  those 
of  the  two  Continents.  These  races,  however,  are  far  from 
being  plentifully  distributed  in  the  remainder  of  that  vast 
archipelago,  which  is  placed  in  the  centre  of  the  great  ocean. 
We  do  not  find  there  the  Ornithorinques^  nor  the  Wombat^ 
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nor  the  Opossum^  nor  the  Kangaroos^  animals  peculiar  to  Kangaroog, 
New  Holland.     We  must,  however,  remark  that  these  spe-  ^<""^*'^  • 
cies  resemble  the  didelph«s  which  are  common  in  the  neigh- 
bouring islands  of  Asia,  that  opossums  are  met  with  in 
the  Moluccas,  that  in  Jav9>  there  are  Kangaroo-philan^ 
derSy  and  that,  if  the  flying  phalanger  resides  in  New  Hol- 
land, the  white  phalanger  inhabits  the  island  of  Amboyna. 
Labillardiere  found  the  lizard  of  Amboyna  in  the  Friendly 
Islands.  We  may  add,  that  the  Cassicwary  belongs  equally 
to  the  Molucca  islands,  to  Java,  and  ,  New  Holland ;  and, 
without  waiting  till  it  be  discovered  whether  there  exist  in  Stag  Heg, 
that  great  island,  the  Babiromsaf  or  stag  hog,  the  Cervtis  ^^^'^^^ 
axis  J  the  Ourang-outang,  and  other  mammiferi  of  Borneo, 
the  Philippines,  and  the  Moluccas,  we  may  consider  the  fifth 
part  of  the  globe,  or  the  Oceanic  countries  to  the  south  east 
of  the  Chinese  sea,  as  the  native  region  of  an  assemblage  of 
ianimal  tribes,  of  which  future  discoveries  shall  increase  the 
number  and  unfold  the  relations. 

These  general  views  of  the  geographical  distribution  of 
a.nimals,  however  imperfect  they  may  be,  may  assist  our 
readers  in  classifying  the  numerous  details  of  our  subse* 
quent  and  particular  descriptions  of  regions  and  countries. 
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SECTION  IH. 

or  HAK  PliTSICAtLT  COVBIDtaUI. 

T>igDitj  of      The  physical  organi^tiop.  of  man, ;  iwiJiile  ^t  sulgecta  him 
^°*'^         to  thoae  lawg^gC  generation,  gro^h  and  dissphitiop,  which 
extend  to  all  orders  of  Hying  nature,  bears  at  tb^  sani^ 
time,  in  each,  of  its  parts,  and,  a?  a.wbole,  acbaiac^SQ.pq- 
culiar,  so  extraordinary,  and  so  sybUme,  tfaat^  it  ia  impossir 
ble  to  si^pi^.eyex)  the  mo3t  distant  rela|tionsbip.bqtii(een 
the  brutes^  which  i^  qotl^ng  I|ut  feed.  and.  pipp^te  q(^,  the 
sprfiuce.of  th^  emrths  and  him  who  is  bpniitp  es^eiids^  dpniir 
nion  oyer  t|)eni.    Th»t  uprig^  and  ele^^.  port,^  which 
indicates  both  dignity  and  courage ;  those  hands,  the  trusty 
instruments  of  our  will,  the  dexterous  performers  of  the 
inost  magnificent,  as  well  as  the  most  useful  works ;  those 
eyes,   uplifted  from  the  dust,    whose  intelligent  glance 
pan  survey   the  immensity  of  the  heavens ;  those  organs, 
which  enable  us  to  express  thought  by  articulate  sounds  of 
endless  variety ;    the  admirable  union   of  strength  and 
suppleness  in  all  our  members ;  finally,  the  harmony  and 
perfectibility  of  all  our  senses,  assign  to  us  the  first  rank 
amongst  living  beings,  and  .give  us  both  the  right  to  claim 
and  the  power  to  hold  the  empire  of  the  earth. 

Anatomy  and  .physiology  ^ave  placed  these  truths  be- 
yond the  reach  of  dispute  ^  Those  naturalists  who  have 
pretended  to   confound  th^  human  species  with  that  of 

•  See  Cuvier,  he^om  d^Anatomie  compart,  etc. 
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DaonkeyS)  iiotmthcitaiidiiig  the*  essential  dilfeteBee  in>  Ibe^ 
feet,  in  tfici  organs  of  af>eech9  and*  th'e  notes  of  the'  voke, 
uppetiF  to-  reeogffiMf  no  fixed  printij)!^  whMe^r.  in-  t^h* 
classification  of  the  specie&^ef  Artt«ml%: 

Even'  the  appatent  dtsadvant^ages  of  our  ofgttnimatibn  Efifects  of 
powerfti%  aeceleratte  the  improvement  and' the  Happiness  ^"^^f*^ 
of  human'  e^^sl^nee;  Endowed  wi^  the  s/tiiengA  of  the 
Hon',  mailedflike^  the  elephant,  or  clbthed- with  askiirimpe^ 
nel^ableto' cold  and  humidity,  we  shonld  petfitipshave  rei' 
mained  benumbed  in  stupid  indblentse,  and'  ignorant^  of  ait 
the  art^cof  life.  The  extreme  feebleness  of  thehuman  fifeime 
at  the  moment  of  its  birth',  the  slbwness  of  its' growth^  the 
multiplicity  of  its  wants,  all  those  ini&mities,  all  Ifiose  ills 
whidi  nature  has^  appointed  as*  our  attendtats  in  the  jbiir^ 
liey-  of  life,  serreas  so^many  spurs' to  quicken- our  dormant 
fifeulties^  andi  as*  so  mny^  bonds'  by^  Y^ichMflan  is  knittO' 
geCher  witb  mani  Hence'  the  origin  of  eml  society.  Fimtt.- 
tfaelbng  lasting'  hd^plessness  of  infisncy,  arises  the  ei^diearing' 
rdbtibn'  of  paarentli'and'diikiren ;'  from- (Ms* relatiein' springs 
tftepennanent  nature  of  the  comjugar  union;  The  union^of 
men  in  ftimitie»  is  followed  by  the  formation  of  ticibes  and 
nations:  It  i&'byuniting'with  hisffillbws,  ^d  living  to* 
gedier  under'  one  common^  law^  that  mlan  h&s^  as  it  were, 
creat^t  man  ^  it  is"  byferming^  a  coriieet^  esdmat6*of  hia 
wellness,  and  by  inventing*  instruments- to- asiristitj  that  he 
has-obtained'  the'  mastery  and  the  management*  of  tUe  pon^^ 
ers^ of  nature ;  he  has  felt his-penuiy,  and  die'  stimuluseif' 
this  uneasy' feeling  has  procured  for  him  his-true  w^th« 

This  animal,  so -distinguished' fh)m  all  others^  fimusinijiiityof 
the  scale  of  bring'  an  insulated  ardtp,  which'  contains  no^^'™*^ 
more  than  one  genus  and*(me  species;  for  w^ understand- 
by  spedes,.a  certain  number  of' oiganic  beings  which  pro. 
pagate  each  other,  and  which  differ  only  in '  qualities  that^ 
are  variable  and  distinct  from  the  characters  marking 
the  species.  Now,  aU  the  nations  and' tribes:  of  human  be- 
ings of  which  we  have  any  knowledge,  produce,  by  sesrual 
intercourse,  individuals  that  are  prolific,  or  capable  of  pro- 
ducing other  human  beings  in  their  turn.    And,  on  the 
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Other  haiid^  the  differences  observable  in  these  tnbes  are 
confined  to  qualities  which  we  still  siee  every  day  varying, 
according  to  the  nature  of  the  food  which  is  eaten,  and  from 
the  influence  of  climate  and  disease  ^ 

The  first  of  these  assertions  does  not  require  illustration. 

The  nuin(srpi;s  classes  of  mongrels  and  mulattoes  produced 

by  the  union  of  different  human  tribes,  are  sufficiently 

Pifierences  Jmown*    As  to  the  seooud  point,  we  observe  that  the  dif- 

of  the  vane*  '  ...  .      " 

tinortiibesferences  by  w;hich  the  varieties  or  tribes  of  the  spedes  are 
,of  the  hu-   c^stinguished,  relate  to  the  8tat%trey  or  the  physiognomy^  ov 
the  colour  of  the  skin,  or  the  nature  of  the  hair,  or,  lastly, 
to  the  fo|in  pf  the  sJcuU  or  cranium. 

Every  person  knows  that  a  simple  mode  of  life^  abun? 
dance  of  nutritious  food,  and  a  salubrious  atmos^ere^ 
give  to  i|ll  organic  beings  large  and  graceful  forms.     The 
Causes  of   example  of  the  Ijaplanders  ^nd  Hungarians,  whose  lan« 
cDce  of  tu-  S^^^  indicates  their  common  origin,  and  who  differ  ex* 
i^iue.  tremely  in  stature  and  physiognomy,  suffidently  proves  that 

the  beauty  of  the  same  race  varies  with  the  climate  and  the 
qualities  of  ^he  country.  The  Germans  of  Tacitus,  those 
Fajtagonians  of  Europe,  are  no  longer  found  in  dyilized 
sffod  cultivated  Germany,  whilst  the  Hollander,  in  the  inte-* 
rior  of  the  colcmy  of  the  Cape,  bi^s  become  Almost  a  giant  ^« 
9ow  m^ny  contrasts  do  we  not  meet  with  in  a  single  na. 
tion,  aod  at  inconsiderable  distances  ?  The  female  peasants 
of  We^trogothia  are  uncommonly  pretty,  and  those  of  I)a-: 
l^arlia  are  in  general  ugly,  althougth  both  provinces  oc- 
cupy th^  centre  of  the  real  country  of  the  Goths  ^.  Vio- 
lent passions,  the  yoke  of  superstition,  dull  or  cheerful  oc- 
cupations, hal)its  of  activity  or  indolence,  stamp  a  perma-. 
qent  chfu'acter  on  the  physiognomy  of  whole  nations. 
Artificial  Several  differences  of  physiognomy  are,  partly  at  leasts 
pbysiogno-  the  effect  of  vt    Numerous  eye-witnesses  concur  in  assur- 

my.  " 

^  Biomenbach*  De  Tarietatenativa  generis  humani. 

"  Barrow's  Travels  m  Africa.    Spannano,  Thunbeig,  && 

*  Areudt,  Voyage  en  Suede.  Thunber^,  i.  234,  &c. 
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kig  us,  that  the  Negroes®,  thp  inhabitants  of  Brazil  and 
the  Caribbees  ^,  the  people  of  Sumatra,  and  those  of  the 
Society  Islands  <(,  depress,  and  flatten^  with  great  care^  the 
nose  of  nevr-^bom  infants,  a  jn'actice  which  indeed  could 
not  have  ^ven  rise  to  such  a  hereditary  configuration, 
but  which  contributes  to  render  the  exceptions  extremely 
rare. 

Variety  of  colour  seems  equally  to  depend  upon  external  Causes  of 
ciroumstances.     In  the  same  nation  we  often  observe  indi«^*5^^y  ^^ 

colour* 

viduals  of  extremely  different  complexions.  While  the 
Moorish  ladies,  shut  up  in  their  houses,  and  scarcely  ever 
exposed  to  the  sun,  have  complexions  of  a  dazzling  whiter 
ness,  the  women  of  the  lower  ranks,  even  in  their  youth, 
acquire  a  colour  approaching  to  that  of  soot  K  The  Abyssi* 
nian  mountaineers  are  as  fair  as  the  Spaniards  or  the  Nea* 
politans,  whilst  the  inhabitants  of  the  plains  are  almost 
black  K  Amongst  the  Creoles,  or  Europeans  born  in  India, 
the  women  are  distLnguished  from  their  sisters  bom  in  Eu- 
rope, by  the  sprightliness  of  their  look,  and  the  ebony  co- 
lour of  their  locks  K  The  cause  of  colour  exists  in  the 
mucous  and  reticular  texture,  [rgte  mucosum]  which  is  im- 
mediately under  the  epidermis.  If,  from  the  influence  of 
extreme  heat,  or  from  some  other  local  cause,  there  is  an 
excess  of  carbon  in  the  animal  economy,  it  is  thrown  out 
along  with  the  hydrogen,  by  the  action  of  the  blood-vessels 
of  the  cuticle ;  but  having  been  precipitated  by  the  contact  of 
the  atmospheric  air,  it  becomes  fixed  in  the  rete  mucosum. 
The  application  of  these  principles,  which  we  owe  to  modern 
chemistry,  enables  us  to  explain  why  the  skin  of  white  men 

•  Beport  of  the  Committee  for  the  connderation  of  the  Slave  Trade,  1789. 
foLp.  I.e.  1. 

'Lcry,  Voyage  au  Br^,  p.  m.  98. 365.  Delabo;rde,  Relation  des  Caraibes, 
Paris,  1764.  p.  129. 

«  Marsden's  History  of  Sumatra,  p.  38.  Forster,  Bemerkungen,  &c.  p.  433, 
and  516. 

^  Poiret,  Voyage  en  Barbarie,  i.  31. 

*  Bruns,  Afrika,  ii.  119. 

^  HawkeswQrth's  Collection  of  Voyages,  iii.  p.  3T4. 
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Uockem  ia  certain  maladies,  whilst-  negroes,  in  the  same 
diieumstaiices,  gDow  wlrite,  or  rather  yellow.    Both  pheno^ 
Boena  iniUcate  a«  derangement  ia  the  seCKtam&    Suftwe 
Difficulty   7|rill<  not  conoeai  due  oiihr  diffiicidty  wdth  whioh-  this  exofak 
^^^  jmAm^iB.  ttand^    If  the  negn>e»  descend  fh>n>  »  nM 
lour.  omgiiialfy  white,.  vlilJioas  ci  y eaoB  must  hava  elapsed  befiire 

the  repeated  action  of  the  climate  could  have  rendered  tfanis 
Uadfi  colour  hereditasy;  But^  goobgicaLiiMniiments.  seem 
to  shew  Aat  the  antiqaity)  of  the'  fausnmi  q)ecie»  faUsigvesk* 
ly  shoct  of  such  &  period.  ^Either  then,?  will'  aoms-piiE- 
hfldphem  say^  <<  mther  allows  foo  the  action  of  the*  canses 
which bov^' tinned tbe  yaiiioiist  vaeesoCmenr,  amimmnoB^ 
scDies  ofi  ages,  or  admit  that  these  naoes,  if  they  hiave  eKistieA 
only  fbrdOOOoD  6(I0Q  years,  musthawe  iqpmingfixint  di&> 
toBBiat  pairs  Aot  wece < originally'  stamped  wttht  alit  the-  dia^ 
faotecs  of  their  descendants*^  It  i»  by  a  cfeursc  of  obtexu 
vationS'  upon>  Ae  negroes  transportedi  iTom<  Nova  Sootia, 
and  other  countries,  diatour  nemote  posterity  shallibe  en- 
abled to  soke  thi»difficult^ 
Variety  of  ^^^  n|imer(m»  varieties/of  bairequaliy-depend)  upon  Ifao 
^^'  secretions  .of  the^eieraeatary'  subattmoes^  of  whidi:  Ab.  body; 

iBi  composed.  But  here  the  iaots  appear  oontmdiotcnvy* 
Amon^  the  ciFiliaed  nations-  of  Buiope,  the  luuc*ihii»iidlily» 
becomes  of  a  lighter-  colour,  asf  we*  adTunce  towaids  tfa^* 
noKdi.  Amongst  the  barbarous^  nationa  of  Afirioa,  A»a, 
and'  America,  Ihe  same  colour  of  hmn  is  fimnd  in. climates 
completely  diffeient.  While  the  dark-haired  Italian,  and 
the  Scandinavian  with  his  flaxen-  loebs,  althou^.  belongi- 
ittg  to. the  same  vaiiety  of  the  human  species,  esiiibitdie 
effects  of  the  action  of  climate,  the  Laplanders  and  the 
Samo^es  have  hair,  as  black  and*  as  sough  as  the  inhabit. 
ants  of  Mongul,  Thibet,  and  China,  a  race  with  which, 
for  other  reasons,  we  must  assign  them  a  common  origin. 
All  the  negro  tribes  have  woolly  hair,  even  the  Jalops,  who 
have  theirs  a  little  longer  and  less  curled  \ 

^  Bnms.  Afrika,  v.  69. 


It.  ^oes  &ot  appear  that  the  hair  of  the  AmeidcaaMi.piie^  Cause  with 
s^ts  i|hy  sbad<?s  oi  di&rvnoe  Qompased  to  tb6as<  whick  ^^^peLf.""*' 
cd^s^rv^  io;  Borc^ai^  Sttftioins.    We  su^t  attemjiilt  to»  eK« 
p^  t^i(3(  &eli.  Vgrr  si^pp^s^  tha(i  Ae  nataotm  ^'  die*  Eniro^ 
gfiin>ii94^),  bajV^pg-aqpftml^  fA  m*  ewly.  perigd|.  oeeuimd 

8^  v^  dif<^^ept(Kda4^s,c^Uymgv  whilst  Jibe JMboguL or  m*. 
gp^  tfil^a fi^flt  bff^e  widlvfd&edi dJ: Qirst: in a^ pbj^iflal.re^n^. 
^^n^^  th^y  q9riB«4  th^m^olyes,.  pei&c%  finmed^  into  the« 
qQf^tiiie^  wbi^  ^e;  QQTi^  inhnbit.  Bot  tliifi.  explaoatioiH 
i^^  a49)^^ng  of  b^g  i^plifid  to  .the  AmeidGansv  cannot' 
ej||ij|^ly>s^i^,lhfi  diffiQulty.  I^he  natsure  oS  the:  blue.  atilL 
r^jB!^ffki[^q^  of.  tb§  most  ^eeioua  ai^g^omeata  m.  &iioui!  o£ 
the  system  which  supposes  a  plurality  of  species  of  men*. 

We  observe)  bowevi^)  ib^  m  the  iKiuxipfiiia  raa^i.  tbe  influence 
cplQui",  of  the  h#^  ai^[)€ws  to,  obai^e  witib  ih^  civi|i«alio%^^|^^^*" 
or  isAber  with  tbp  4#S?il«isa^:  of  mtims.  Ifhe^fur^bained. 
raqe,.  wbidft  i»>  the  %q  of  Hopi^r^  furni«b^;  Giroeoe  witb 
kipg$  oM  beroeis,.  $tiil  existed  ip  the  dftys^  cif  l^aoilua  in^ 
S^gic  Gaul  aad  ia  Gisrineny ;  bu];(iH^w  it 4pp^u<a  tohayQ> 
hfxom^  extiiwt  i^  the  isi^tm^  of  th^.  opi^ht.  Ift.it  the  fa^^ 
thai;  spicy  fo^d,  beveragfi:  abqwding  i^l  alei^boli.  luxury*. 
apd  voluDtuo^an^^  gl»4uA}|;j^  qb«(lgfl  ^  jbrjsmi  cqusti-. 
tutiw  ofi  tbese  w^ns  ? 

.  The  y&n^txe^  ij^^he^fin-rnqfth^f^c^nitim. otskvii,  seemyarieties 
to  be  of  uiore  importauoe  tbap  i(U  thofus  we  bave^examin*®^^®^^^ 
ed;  at  the  same  tipie,  suicje.  the  reseftrehe^,  of  Mn  6all°^nium. 
htive  d^mpnstr{|te4>  that  the  ctxteirj^^l  qo^figuraUott  oi^  the 
crfmiupi,  depends  upon,  the  form  oCr  the  brain,  we  C9,n 
scarcely  consider  diviersitic^  ip,  a  sufa^tiuice  which  is,  soft, 
and  .susceptible  of  every  fcorm,.  as,  presenting  a.  character 
unequivocally  nuking  a  diversity  of  species. 

Thefoj;m  of  the  crpmium  ^ppeaTft  tp  us  to  depend  as  General 
much  as  the  physiognomy  upon  the  moral  character  of.  the  *^^^* 

"*  Gall  and  Spurzbeim.    Anatomie  du  ceiveauxi  &c.  &Ct  avec  fig.  Cbcz. 
SchoeU. 
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individuals.  Though  it  is  impossible  to  assign  to  every 
passion,  and  to  every  faculty,  a  separate  organ  in  the  brain, 
it  is  certain  that  men  of  great  talents,  and  of  strong  pas- 
sions, have  the  head  more  varied  irith  bumps  and  protu* 
berances  than  the  multitude.  Another  fact  is,  that  in 
those  nations,  the  individuals  of  which  most  nearly  resem- 
ble each  other  in  character,  and  which  have  been  least 
mixed  with  other  tribes,  the  skulls  appear  to  have  been 
cast  in  one  common  national  mould.  When  we  see  the 
head  of  one  Hindoo,  we  see  the  heads  of  the  whole  na- 
tion  * :  on  the  contrary,  in  Europe,  where  the  characters 
of  individuals  vary  extremely,  we  find  skulls  of  every  form, 
even  the  most  remote  from  what  we  reckon  the  regular 
shape. 
Artificiia  Independently  of  this  general  cause,  to  which  should 
be  added  the  effects  of  food  and  climate,  the  form  of  the 
head  is  frequently  modified  by  artifidal  means.  A  pres- 
sure  continually  applied  for  a  great  number  of  years,  much 
more  frequently  imparts  to  the  smooth  bones  of  the  head 
a  peculiar  configuration,  which  becomes  even  national  at 
last  This  efi*ect  may  be  produced  by  the  manner  in 
which  some  nations  place  their  children  in  the  cradle,  or  by 
manual  compres^n,  long  and  carefully  applied.  Vesale  re- 
lates, that  in  his  time  almost  all  the  Germans  had  the 
head  flattened  behind,  and  enlarged  at  the  sides,  because 
they  were  always  laid  on  their  backs  whilst  in  the  cradle  ". 
The  Belgians,  on  the  contrary,  who  were  accustomed  in 
infancy  to  sleep  on  their  sides,  were  remarked  for  the  length 
of  their  head.  The  American  savages,  from  south  Caro- 
lina to  New  Mexico,  have  all  of  them  the  skull  depressed, 
because  they  lay  their  children  in  the  cradle  in  such  a  po- 
sition that  the  crown  of  the  head,  which  is  placed  upon  a 
bag  filled  with  sand,  supports  almost  the  whole  weight  of 
the  body  p. 


»  Comp.  the  fine  work,  *'  Lcs  Hindous,*'  par  M.  Solvyns. 

•   Vesale,  quoted  bj  Blumcnbach,  §  63 

p  Adair's  History  of  the  North  American  Indians,  p.  9. 
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A  pmetice  prevalent   in  ancient  as  well  as  modem  P^op^  ^^ 
times,    in  our  climates,   and  in  the  most  distant  coun-h^outof 
tries,  is  to  bring  the  head  of  the  new-born  infant  to  a  na-^'^'™- 
tional  form  hy  means  of  bandages,  dilSerent  sorts  of  instru- 
ments, or  even  the  simple  pressure  of  the  hands.     This 
custom  obtained  formerly,  and  still  continues,  among  the 
inhabitants  of  several  parts  of  Germany  4$   among  the 
Belgians ' ;   the  French ' ;  in  several  districts  of  Italy  ; 
among  the  Islanders  of  the  Grecian  Archipelago^;  the 
Turks ;  the  andent  Sigyni,  and  the  Macrocephali  of  the 
Buxine  Sea  " ;  it  prevails  to  this  day  among  the  inhabitants 
of  Sumatra  and  Nicobar  ';  and  particularly  amongst  the  dif. 
ferent  nations  of  America,  such  as  the  people  of  Nootka 
Sound  '  ;  the  Chactas ;  the  native  inhabitants  of  Georgia ; 
d^eWaxsaws  of  Carolina;  theCaribbees;  the  Peruvians'; 
the  Omagnas  * ;  together  with  the  negroes  of  the  Antilles  ^ 
This  practice  was  forbidden  in  Spanish  America,  by  the 
decree  of  a  national  council  ^.     We  are  in  possesion  of  the 
most  exact  descriptions  of  the  means  which  these  savages 
employ  to  g^ve  the  heads  of  their  children,  by  an  uniform 
pressure,  the  configuration  they  desire'.     This  fact  being 
established  by  so  many  unexceptionable  witnesses,  all  which 
remains  now  is  io  ascertmn  whether  the  forms  of  the  cra- 
nium, obtained  by  these  means,  become,  after  a  long  series 

4  J.  Chr.  Gotd.  AdLennaiint  dans  Neiies  Magiuiii  fnr  Aerzte,  de  Baldin- 
gjgit  vol.  iL  |iw  5,  S. 

'  Spigiely  de  Hum.  Corp,  FabridL,  p.  17. 

*  Andry,  Ortliopedie,  toL  iL  p.  3. 

*  Philites,  a  phyadan  of  Kpinis,  quoted  by  BlumenbadL    Strabon,  L  xi  p. 
3S8.    Hipp,  de  Mnb.  aq.  et  loc 

■  Manden's  History  of  Siimatia,  p.  38. 

*  Nic.  Fontana,  in  the  Asiatic  Beieaidbes.  toL  iii.  pi  151, 
y  Meaxes^s  Voyages,  p.  340. 

>  O?iedo,  Hietoire  Gcneb  de  las  Indians.    Torqitemadaf  Monardiia  In* 
^iana*  yoL  iii     UQoa,  Relacion  dd  Tiagey  toL  iL  p.  633. 

*  La  Condamioe,  Mem.  de  TAcademie  des  Sdennes,  ITiS,  p^  427. 
^  Thibaiilt  de  Chanvalon,  Voyage  &  la  Martinique,  p.  39. 

*  Jos.  Saenz  de  Aguire,  Collectia  Maxima  ConcUtomm  OmniiHn  Hispa* 
yiijs  et  Novi  Orbis,  vol.  vi  p.  204. 

^  Journal  de  Pbysiqiie,  d^Aout.  1791,  p.  32. 


r  U  tbBse     of  generatioa^,  iiatiirid  itod  hereditairf.    Hifqpbcrsles,  ih  his 

/      ^JSThere-  ^e*tise  on  aii^  waters,  and  ituations^  tnentioin  particularly 

ditafjr  ?      the  JlfflwnXJ^jjAaK^  a  lution  in  the  vidnity  of  the  Ponttts 

EiHSitite.     Aooording  to  him,  ho  other  people  hM  the 

heiaoi  shaped  like  dieirs;  and  thi$  conforantion  origntally 

resulted  fiwn  a  particular  practice.     The,  MacrocejAaii 

regarded  ^  long  head  ^  the  mde^:  and  symbol  of  courage ; 

in  conformity  wi&  this  opinion^  thiey  moulded  the  heads  of 

their  infants  dt.birlh^  and  endeayourefd^  b^  Tatious  eon- 

trivances,  to  give  thenl  length  at  the  expense  of  breadtli. 

This  form  at  last  became  natural,  and  no  care  was  requiir^ 

.ed  to  produce  it. 

Varieties  in     Tb^  are  also  in  the  form  of  the  humah  body^  other  di- 

^^^rteorih* ^^^^*i^  which  appear  pe<iuliar  to  nations,  and  p^haps  to 

body.         different  varieties  of  the  human  spedes;     It  is  alleged  thdt 

several  savage  tribes  have  mdveable  ears ;  but  it  has  been 

probably  under  th&  impulse  of  a  satidcal  spirit,  that  som^ 

author?  have  assured  us,  th^t  the  andient  Balavians  hdd 

■ 

ears  singularly  deformed,  and  that,  ainoi^t  the  inhabit- 
'  ants:  of  Biscay,  these  organs  are  of  an  unusual  length. 
The  pendent  breasts  oi  thd  neglresses  are  odea»oned  by 
the  practice  of  suckling  th»r  infants  suspended  fironi  their 
backs.  The  fulnesB  of  this  p^t  seems  to  be  the  effect  of 
a  warm  and  humid  climate. 

We  shall  notice  elsewhere  the.deformity  of  the  Boschman 
women  in  South  Africa.  Amongst  the  tribe§  of  the  South 
Sea,  or  Great  Eastern  Ocean,  the  chiefs  owe  their  swollen 
legs  to  their  indolence  and  manner  of  sitting.  Perhaps 
also  the  elephantiasisj  a  malady  frequent  in  Africa,  Ara- 
bia, and  Indostan®,  extends  over  the  Oceanic  cdiintries. 
The  crooked  legs  c»f  the  negroes,  which  had  been  observed 
by  the  ancients^,  appear  equally  common  amongst  the 
Mongol  nations  ^.  .  This  deformity  has  been  attributed, 
either  to  their  being  pi'ematurely  aocust6med  to  the  saddie, 
or  to  the  posture  in  which  they  are  placed,  during  the  pe- 

^  AUard,  Hifltoite  cTiine  Malaffie  Pardculiere  au  Systeme  Lymplistiqae. 
'  Arist.  Problem  v.  14,  &c. 
t  Pallas,  8ur  les  Nations  Motogoles^  yol.  L  p.  98.      -     ' 
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of  lactHtaon,  fiutened  to  the  hnxk  dP  the  mother,  and 
cHa^g  to  her  forcibly  with  th^r  knees. 

There  ore  mojse  ampoitant  Tarieties  in  the  shape  and  pro-  Variety  in 
portion  of  the  lower  limbs,  ftnd  which  are  pecalkr  to  the  ^n^^fe^t 
nation  or  the  tribe.     The  savages  of  New  Holland  have  and  arms. 
legs  ^ctremely  long  and  slender  \     It  is  not  true  tfaa^  this 
peculiarity  occurs  amongst  the  Hindoos,  as  we  are  told  by 
an  observer  unworthy  of  t»iedit  K     But  it  appears  certain 
that  the  Mongols  and  Americans  have  tlieir  legs  and  thighs 
too  short  in  proportion  to  the  rest  of  the  body.     Some  na- 
tions have  «nall  hands  and  feet.     The  Hindoo  sabres,  fre- 
quently  brought  into  England,  are  too  small  in  the  hilt  to 
be  wielded  by  most  Europeans  K    We  might  refer  also  to 
the  Chinese,  the  Eamchadales,  the-  Esquimaux,  the  Peru- 
vians, the  Hottentots,  and  tlie  inhabitants  of  New  Holland  K 

Naitions  differ  very  much  in  the  degree  of  strength  with  Bifieient 
which  they  are  endowed.      The  interesting  experiments  ^"^tSj^^^ 
of  Feron  and  Begnier,  have  proved  that  savage,  or  half 
civilized  nations,  yield  to  the  Europeans  in  all  kinds  of  ac- 
tive force ;  but  we  have  no  doubt  that  they  possess,  in  a  ^ 
more  eminent  degree,  that  passive  force  which  resists  the 
inclemaoicy  of  the  seasons. 

After  summing  up  all  the  observations  made  by  travel- 
lers, 'the  celebrated  Blumenbach  reduces  all  the  varieties 
of  the  human  spedes  to^ve  principal  types  or  models^  on  Five  prin- 
which  a  deliberate  and  minute  examination  has  enabled  us^^^^^ 
to  make  only  a  few  slight  modifications. 

The  first  variety  occupies  the  central  parts  of  th^  old  Central  va- 
continent,  namely.  Western  Asia,  Eastern  and  Northern  Sdconti-* 
Africa,  Hindostan,  and  Europe.     Its  characters  are,  the°^^ 
colour  of  the  skin  more  or  less  white  or  brown ;  the  cheeks 

^  F^nxr,  Voyages  aax  tenes  Auttzales,  Atlas,  pi  ia» 

^  La  Boullaye  le  Goaz»  Voyages  et  Obsery.  j).  153.    Coinp.  Sdvyns,  L  a 

^  Hodge's  Travels  in  India,  p.  3.  . 

*  De  la  BarbinaiSf  Voyage  autour  du  Monde,  voL  ii.  p.  62.  jDampier*8 
ContmuatMm  of  Vi^rage  round  the  World,  p.  100.  Wailes  Kiflosoph. 
Tnzisact.fdLk.p.109;  a»d  Curtisv  ibid,  vol- Inv.  p.  3S3.  Wstkm  Temp's 
Aeoount  of  the  Settlement  of  f  ozt  Jackson,  p.  179. 
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Imged  with  red ;  long  hair,  either  brown  or  fair ;  the  head 
almost  spherical,  the  face  oval  and  narrow ;  the  features 
moderately  marked ;  the  forehead  smooth ;  the  nose  slight- 
ly arched ;  the  mouth  small ;  the  front  teeth  perpendicu- 
larly placed  in  the  two  jaws;  the  lips,  particularly  the 
lower  one,  slightly  pouting;    the  chin  fuU   and  round. 
The  regularityof  the  features  of  such  a  countenance,  which 
is  that  of  the  European,  cauises  it  to  be  generally  consi- 
dered as  the  most  handsome  and  agreeable.     The  features 
.of.  the  Hindoo,  the  Abyssinian,  and  the  Breber,  or  inhabit- 
ant of  Mount  Atlas,  do  not  essentially  differ  from  those  of 
the  European,  except  in  the  colour  of  the  skin,  which  i^ 
<  darkened  from  the  effects  of  the  cHmate,  and  which,  more- 
over, amongst  the  Hindoos,  and  even  the  Abyssinians,  ac- 
.quires  a  very  fmr  tint  in  the  mountainous  provinces.    BIu- 
menbach  designates  this  race  the  Cceuccbsian;  but  by  be- 
stowing this  name  he  invades  the  province  of  eivil  history, 
which  assigns  us  no  reason  for  believing  the  pec^le  of  Cau^ 
casus  to  be  more  ancient,  than  those  of  Mount  Atlas  or  the 
Alps.     Neither  physiology,  nor  physical  geography,  fur- 
nish the  least  proof,  that  this  variety  of  the  human  species 
has  had  a  common  origin ;  it  has  formed  itself  wherever 
there  existed  the  physical  causes  on  which  it  depends. 
jQastera  va-     ^^^  secotid  variety  is  that  which  was  at  first  erroneously 
"^*y°^.***®  designated  under  the  appellation  of  Tartar y  though  the 
nent         Tartars,  properly  so  called,  do  not  belong  to  it.     We  shall 
call  it,  the  Ectstem  Rdce^  or  Variety  of  the  Ancient  Conti- 
nent    The  following  is  its  character ;  yellow  colour ;  hair 
black,  stiffs  straight^  and  not  very  thick ;  the  head  almost 
quadrangular;    the  face  large,  flat,  and  depressed;  the 
features  indistinctly  marked,  and,  as  it  were,  blended  toge- 
ther ;  the  space  between  the  eyebrows  large  and  smooth , 
the  nose  small  and  flat ;  the  cheeks  round  and  prominent ; 
the  opening  of  the  eyelids  narrow  and  linear ;  the  chin 
pointed. 

This  variety  comprises  all  the  Asiatics  to  the  east  of  the 
Ganges,  and  of  Mount  Belour,  except  the  Malays  of  the 
extremity  of  the  peninsula  beyond  the  Ganges.     In  Eu- 
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rope  tbis  variety  is  found,  according  to  Blumenbach, 
amongst  the  Laplanders  and  the  ]|?inns ;  and  in  America, 
amongst  the  Esquimaux,  frotn  Behrings  Straits  to  Green- 
land. But  We  are  convinced  that  the  flnlanders,  descend- 
ants of  the  ancient  Scythians  of  Europe,  should  be  classed 
with  the  first  variety,  of  which  they  form  a  very  ancient 
subdivision,  having  mixed  with  the  Celts  and  Basques, 
as  will  be  shewn  in  the  description  of  JEurope. 

The  Eastern  race  of  the  old  continent,  bounded  by  the 
limits  that  we  have  just  now  traced,  presents  a  remarkable 
identity  of  tint,  physiognotny,  form  of  the  skull,  and  even 
of  language,  as  we  shall  iee  in  the  ^uel. 

The  American  variety  resembles,  in  several  pojnts,  that  American 
which  we  have  been  describing.  Its  principal  characters  are,  ^"^^^' 
the  copiper  colour ;  hair  black,  straight,  stiff',  and  thin ;  fore- 
head short ;  eyes  sunk  in ;  the  nose  almost  flattened,  and  yet 
somewhat  projecting;  the  cheek  bones  in  general  prominent; 
the  face  large,  without  being  flat  or  depressed.  The  fea- 
tures, viewed  in  profile,  appear  very  marked,  and  of  a  bold 
outline.  The  form  of  the  forehead,  and  the  crown,  is  often 
the  eETect  of  art. 

This  variety  comprehends  all  America,  except  the  north- 
ern extremities,  inhabited  by  the  Esquimaux.  It  appears 
to  be  composed  of  several  branches,  which  differ  considera- 
bly*; the  complexion,  which  is  white  or  fair  amongst  the 
Kristinaux,  becomes  almost  black  among  the  Brazilians ; 
the  features  and  the  skull  are  sometimes  flattened,  and 
sometimes  lengthened.  All  these  tribes  have  a  beard  ™,  but 
it  is  weak ;  there  are  some  who,  like  the  Mongol  and  Malay 
nations,  pluck  it  out  by  the  root.  The  opinion  that  the 
American  tribes  were  destitute  of  beards,  owes  its  origin  to 
De  Paw.  Robertson  the  historian,  an  author  still  more 
worthy  of  credit,  has  said,  that  all  the  Americans  have  the 
game  cast  of  countenance :  to  such  a  degree  have  the  truths 
of  physical  geography  been  oTerlooked  or  disregarded  by 
those  who  have  undertaken  to  write  the  history  of  man.. 

™  Blamebbach,  Gottingen  Magazine,  &c.  &c«. 
VOL.  I.  2  N 
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Variety  of  We  shall  now  return  to  the  East,  in  order  to  conader  the 
****^J^"  fourth  variety  of  the  human  species,  that  of  the  Oceanic 
countries,  or  fifth  part  of  the  world,  designated  by  Blu- 
menbach  under  the  too  arbitrary  name  of  the  Malay  race. 
The  following  are  its  still  very  uncertain  characters, — a  tawny 
colour;  the  hair  black,  soft,  thick,  abundant,  and  curled  ; 
the  head  slightly  shrunk  in ;  the  forehead  a  little  bulging 
out ;  the  nose  thick,  wide,  and  flattened ;  the  mouth  large ; 
the  upper  jaw  a  little  projecting ;  the  features  viewed  in 
profile,  appear  marked  and  distinct. 

This  variety  comprehends  the  islanders  of  the  Padfic 
Ocean,  the  inhabitants  of  the  Marian,  Philippine,  Molucca, 
Sunda  Islands,  and  the  indigenous  tribes  of  the  peninsula 
of  Malacca,  most  of  the  inhabitants  of  New  Holland,  and 
those  of  New  Zealand,  and  perhaps  even  some  of  the  na- 
tions of  Madagascar.      But  how  difficult  is  it  to  deter- 
mine any  thing  concerning  nations  so  imperfecdy  known, 
and  which  appear  to  include  tribes  of  (Afferent  origins ! 
The  immortal  Quiros,  who  first  discovered  the  Society  Is. 
lands,  carefully  observed*  the  disparity  which  exists  between, 
their  inhabitants.     He  says  that  some  resemble  the  Whites, 
others  the  Mulattoes,  and  even  the  Negroes  ^     Mxxlem 
voyagers  have  compared  the  reining  cast  in  the  island  of 
Otaheite,  to  the  Europeans  of  the  south,  and  the  people 
to  the  Mulattoes®.     The  very  ^eat  extent  to  which  the 
Malay  language  prevails,  and  which  at  first  leads  us  to 
suppose  the  identity  of  these  nations,  could  be  the  conse- 
qiiience  only  of  ancient  migrations,  and  conquests.     At  the 
same  time,  it  is  proper  to  state,  that  the  savages  of  New 
South  Wales,  who  speak  a  language  different  from  the 
Malay,  exhibit,  notwithstanding,  the  leading  physical  char- 
acters of  the  last  mentioned  variety. 
Negio  ▼••       The  fifth  grand  division  of  the  human  race,  or  the  Ne- 
^  ^*         gro  variety y  is  attended  by  no  circumstances  of  a  doubtful 


■  QttixDSy  in  Balrymple*s  CoUeetiOD  of  Voyages  Co  the  Southern  Pacific 
Ocean,  vol.  i.  p.  161. 
«  fiougainyiUe,  Voyage  autour  du  Monde^  P*  211. 
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nature^     The  characters  are^  colour  Uack;   hair  blatck 
and  woolly;  heed  narrow,  and  compressed  on  each  »de; 
forehead  very  donyex,  and  mrcbed ;  the  cheek  bones  pm* 
jectiii^ ;  the  eyes  even  wHh  the  forehead ;  the  nose  large, 
and  almost  oeilfbufided  with  the  npper  jaw,  which  is  cai'^ 
ried  forward ;  the  border  of  the  gums  narrow  and  elongat- 
ed ;  ibe  upper  front  teeth,  or  incisores,  obliquely  placed ; 
the  lips,  particularly  the  upper,  very  thick ;  the  chin  drawn 
in;  the  legs  in  general  crooked.     This  variety,  which  is 
spread  over  all  Western  and  Southern  Afiica,  is  found  also 
upon  the  coasts  of  Madagascar,  probably  upon  those  of  the 
north-west,  and  of  New  Holland,  in  the  great  islands  of 
Van  Dieman^s  Land^  in  New  Caledonia,  and  New  Guinea. 
It  is  even  supposed  that  it  anciently  existed  in  the  Philip- 
pine  islands,  in  Borneo,  Java,  and  Sumatra.     The  Hara- 
Jkrasy  who  still  inhabit  the  interior  of  some  of  these  islands, 
are  Negroes ;  so  also  are  the  natives  of  the  islacnds  of  An- 
daman.    Thus  all  the  regions  of  the  torrid  ^oite,  with  the 
exception  of  America,  have  produced  Negro  tribes; — a 
manifest  proof  of  the  influence  of  climate  upon  the  varieties 
of  the  species.     But  when  we  observe  the  differences  be-  Three  sub- 
tween  a  real  Negro,  with  a  complexion  of  jet,  and  woolly  ^J^JJ^"^ 
and  erisped  hair ;  a  Caffre,  with  a  yellow  copper  complex- 
ion, and  long  woolly  hair;  a  native  of  Van  Dieman^s  land ; 
a  New  Caledonian ;  a  Papons,  or  New  Guinea  man,  of  the 
colour  of  soot,  with  frizzled  locks, — we  remain  uncertain 
whether  these  three  races,  separated  besides  by  seas  and 
mountdins^  are  each  of  them  the  original  inhabitants  of 
their  present  abode,  or  whether  they  have  all  descended 
from  a  common  stock. 

The  Hottentots  form  another  remarkable  exception  :  the  Hottentots. 
shape  of  their  skull  is  that  of  the  Malay  race ;  they  have 
the  complexion  and  the  thin  beards  of  the  Mongol  variety, 
Imt  thehr  woolly  hair  resembles  that  of  the  Negroes. 

Suck  are  the  principal  varieties  of  the  human  species,  Geographi- 
spread  over  the  surface  of  the  globe.  The  ancients  erro-  ^^*on5I^ 
neously  imagined  that  the  torrid  zone,  scorched  by  the  rays  human  race. 

5 
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of  a  vertical  sun,  cut  off  all  communication  between  the  in- 
habitants  of  the  two  temperate  zones.  This  opinion,  which 
contracted  the  boundaries  of  the  universe,  has  vanished 
away  before  the  discoveries  of  Columbus,  of  Gama,  and  of 
Cook.  Navigators  have  found  inhabitants  in  the  most  sul- 
try climates,  and  in  tho  neighbourhood  of  the  poles,  upon 
the  most  inaccessible  coasts,  and  even  on  islands  that  a 
boundless  ocean  seemed  to  separate  from  the  rest  of  the 
world.  The  islands  of  Spitzbergen  and  of  Nova  Zembla, 
to  the  north  ;  Sandwich  Isle,  the  islands  of  Falkland,  and 
of  Kerguelen,  to  the  south, — are  the  only  countries  of  con- 
siderable extent,  which  have  been  found  entirely  destitute 
of  human  inhabitants.  Man,  therefore,  has  the  whole  earth 
as  his  abode.  He  can  live  in  every  climate,  and  his  habi- 
tations reach  to  the  remotest  confines  of  animated  nature. 
The  Esquimaux  of  Greenland  dwell  as  far  north  as  the 
80th  degree.  In  the  other  hemisphere,  the  bleak  and  bar- 
ren Terra  del  Fuego  supports  the  wretched  Petcheres. 
The  New  World,  then,  though  in  general  thinly  peopled, 
is  still  inhabited  from  one  extremity  to  the  other.  In  the 
old  continent,  the  habitations  of  man  form  a  collected  whole, 
which  is  broken  in  upon  aaij  by  some  sandy  tracts }  and  in 
the  midst  even  of  these  deserts,  man  has  pe(^led  the  Oasis, 
those  verdant  islands  scattered  over  an  ocean  of  sand. 
Heat  and  The  human  body  supports,  upon  the  banks  of  the  Sene- 
^^^^'^J^h  S^'9  *  degree  of  heat  which  causes  spirits  of  wine  to  boil.  In 
man.  the  north- east  of  Asia,  U  resists  cold  which  freezes  mer- 

cury. The  experiments  of  Fordyce,  Boerhaave,  and  Til- 
let,  prove  that  man  is  more  capable  than  most  animals  of 
supporting  a  very  great  degree  of  heat.  We  have  no 
doubt  that  our  body  would  resist  extreme  cold  equally  well, 
provided  that  it  retained  the  power  of  moving.  As  the 
intensity  of  the  cold  should  scarcely  increase  beyond  the 
78th  or  80th  degree,  it  ii|  probable  that  man  could  sail 
under  the  poics  as  well  as  under  the  equator,  if  he  were  not 
Arrested  by  the  ice. 

The  power  which  man  possesses  of  speedily  accommodat- 
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ing  himself  to  every  climate,  appears  to  spring  from  the  Power  of 
same  cause  which  renders  his  health  less  sound  and  l^sJ^JI^P^I"* 
steady  than  that  of  other  animals.  It  is  to  the  superior cUmstes. 
affinity  of  the  component  particles  of  their  bodies  to  inert 
matter,  that  animals  are  indebted  for  those  instincts  of 
which  we  are  destitute.  Our  senses,  on  the  contrary,  are 
not  so  poignant,  our  body  is  not  so  susceptible  of  impres- 
sion, the  impulse  of  our  passions  is  not  so  ungovernable, 
because  the  whole  of  our  organization  is  more  subtile,  more 
delicate,  and,  if  we  may  say  so,  more  intellectual.  The 
instability  of  health,  and  the  uncertain  duration  of  life,  are 
the  natural  consequences  of  this  delicate  mobility  of  our 
organs.  It  is  owing,  however,  to  this  same  mobility,  that 
our  organs  obey  with  ease  and  promptitude  the  volitions  of 
the  soul.  A  firm  determination  not  to  be  overcome  by  a 
distemper,  but  to  bear  up  against  it,  is,  in  the  opinion  of 
physicians,  one  of  the  most  potent  medicines,  whilst  an  ap- 
prehensive and  desponding  imagination,  is  sure  to  aggra- 
vate  the  slightest  indisposition.  And  thus  it  is  that  our 
bodily  frame,  in  order  to  be  fortified  against  the  influence 
of  a  new  climate,  only  waits  for  the  orders  of  the  mind,  to 
which  it  serves  as  an  organ.  Under  every  climate,  the 
nerves,  the  muscles,  and  the  vessels,  by  stretching  or  relax* 
ing,  by  dilating  or  contracting,  soon  acquire  the' state  which 
is  habitually  suited  to  the  degree  of  heat  or  cold  that  the 
body  experiences. 

It  is  commonly  said,  that  the  sum  total  of  men  living  Sum  total 
upon  the  earth  may  amount  to  a  milliard,  or  one  thousand  ^^^" 
millions.     But  all  the  calculations  which  have  been  made 
upon  this  subject  are  chimerical.     It  is  impossible  to  state 
any  which  shall  even  approximate  to  truth.     Asia,  it  has  Populatioa 
been  said,  contains  five  hundred  .millions  of  inhabitants;         *" 
but  it  has  been  only  by  proceeding  upon  the  most  exag- 
gerated data  for  each  of  the  countries  which  compose 'this 
quarter  of  the  world,  that  this  sum  total  has  been  arrived 
at.     The  truth  is,  we  have  no  greater  reason  for  giving 
to  Asia  500  millions  than  for  giving  it  S50.     Among  the 
different  accounts  respecting  China,  how  shall  we  hit  upoi\ 
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the  true  one  ?  Has  that  country  £7  millions  of  inhabilants, 
jicpc^ding  to  Soxmerat  ?  or  55  miUions*  acoording  to  the  ex- 
tract from  the  Q^cial  Gazette  of  Pekin  ?  or  70  millions, 
^cordiQg  tp  the  JLusswis?  or  100  millions,  as  De  Guigses 
believed  ?  or  ].9>662,000^  ais  M«  Buying  infonps  us  ?  or 
^00  milliop^  4igre^ably  to  the  statement  of  the  Missiona- 
ries ?  or,  fia^y,  S33  millions^  as  a  Chinese  mandarin^  per- 
fectly veracious  no  doubt^  assured  Lord  Macartney  ?  This 
single  example  may  su$ce  to  convince  the  judicious  read- 
^r,  that  all  this  parade  of  figures,  i»  founded  only  upon 
yj9gue  conjectures.  We  have  endeavoured  to  compute  the 
pppulatioQ  of  Asia,  by  coUating  th^  accounts  of  modem 
travellers.  We  affirm  nothinig :  we  merely  say  that  it  ap^ 
ppur^  to  us  th^t  we  cannot  assign  to  Ana  more  than  from 
320  tp  340  millions  of  inhabitants. 

Of  theOoe-     The  Oce£fmc  division  of  the  eartb»  or  that  collection  of 

anic  din.  j^^^^  ^^^  ^mtil  islapds  to  the  south.^ea9t  pf  Asi^.  contains 
v^at  spacer  i^Iiiaost  entirely  vnknown.  Carrying  partial 
^mp^^tifiaip  s^  ffif  ^M  possibly,  we  shall  find»  from  Sumatra 
to  ilSaister  Isicindf  aqd  f^om  Manilla  to  New  Zealand^  on- 
Ij  ^bppt  SP  i^lUwa  pf  iab^bitaQts. 

Of  AfnoL.  As  to  Afri()4s  Uie  uofiertaipty  i«  sq  great,  tbfit^  vpoa  the 
wIkiW,  we  dp  npt  know  whetb^  we  sbpuld  estimato  that 
qiiorter  of  tb^  gk>be  at  ft  populAtipn  of  4^9  or  90  millions, 
QBfi  third  of  Afnca  is  so  completely  unknown,  that  it  is 
pot  ascertained  whether  it  contains  lakes,  or  mpuntaina,  or 
sfipdy  desert?.  Of  the  parts  which  are  best  known,  there  is 
notoppcpno^fPipg  wbich  we  ppssessasy  corrept  caloqliitioos. 
All  th^t  ^e  know  is,  that  the  pppulation  of  JJgypt,  of  th« 
Barbery  States,  and  pf  the  eippire  of  Mprocco,  haa  been 
prpdigiously  exa^erated*  Mention  is  made  of  very  popu- 
lop9  cpuntri^s  on  the  bapks  of  the  Niger ;  but  what  travel- 
ler deserving  of  lielief  has  seen  those  gre^t  cities  which 
^pld  have  morp  iphalHtwts  th^n  I^opdop  ?  AH  preten- 
liions  tP  pertain  ^alcid^tipn  would  be  ridicuk>HS ;  but,  if  we 
take  4  piean  terpi,  70  millions  may  be  considered  as  the 
maanmum  of  the  populatimi  of  Afnea. 

^puiation      i^  MiUipus  of  iababiti|iit8  have  l)een  asaigped  to  Am^ri- 
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oa.  Bixi  there  is  scarcely  one4bird  of  tins  number  wl^dbe  ex< 
istenoe  cah  be  firoved.  The  Spaniards  have  scarcdj  eSd^nd- 
ed  their  calculations  beyond  20  mirllioiis  of  inhabitants  of  all 
classes,  fbr  ibe  whole  population  of  their  colonies^  and  even 
tliis  is  peiliaps  a  third  too  ihudi.  Brazil  has  only  one  n)ilU<!di 
of  inhabitants,  according  to  Raymd ;  but  we  should  now 
reckon  a  little  more  than  four  millions,  includii^  the  na- 
tives. It  would  be  difficult  to  discover  more  than  two  mM- 
lions  in  all  the  gi^eat  and  little  Antilles,  tkrducting  those  pos- 
sessed by  the  Spanitards.  The  United  States  have  (18S1) 
from,  ten  to  eleven  millions  x>f  inhabitants.  English  Canada^ 
and  Nova  Scotia,  with  their  dependencies,  can  be  estimi^ 
ed  only  at  a  million  and  a  half.  -We  i^all  Hot  nieet  with 
two  millioiis  of  itidividuids  in  the  tribes,  or  rather  the  sa* 
vage  families  of  the  interior  and  north- wtest.  It  is  evidfent^ 
therefore,  that  the  whole  of  America  does  not  contain  more 
than  45  or  46  millions  of  inhabitants. 

« 

Let  us  sum  up  the  whole  of  these  hypothetical  results.  Genenl 
Europe,  the  only  quarter  which  is  known,  may  contain  170  ■'"""""y* 
millions  of  inhabitants.  Asia  has  from  S20  to  840  millions. 
All  the  islands  of  the  Great  Ocean,  forming  the  fifth  part 
of  the  world,  may  contain  20  millioiKs ;  we  shall  leave  70 
millions  to  Africa,  and  45  millioi^s  to  America.  The  sum 
total  of  the  human  race  then,  will  amount  only  to  640  0t 
650  millions  of  individuals,  instead  i£k  milliard,  or  1000 
millions. 

We  have  more  satisfactory  and  correct  results  as  to  tte 
proportions  which  subsist  between  the  births  and  deaths,  ' 
and  the  number  of  marriages  and  of  Irving  individuals  of 
each  sex  and  of  every  age  p. 

P  Sussmilch,  Divine  Order  in  the  variations  of  the  human  kind,  in  regard  to 
births,  &C.  &&  2  vols.  8vo.  (in  Genrian»)  3d  edition,  Berlin,  1765.  (4th  edi- 
tion, posthumous,  with  a  supplement  by  Baumann,  1775-87.)  £uler,  Re- 
cerches  G4nerales  sur  la  mortality  et  multiplication  du  genre  humain,  in  the 
Memoirs  of  the  Academy  of  Berlin,  1760.  Lambert,  Remarks  upon  mor- 
tality, births,  &C.  in  his  Essays  on  applied  Mathematicw,  Berlin,  1772.  (in 
Crennan.)  9th  M^molre  Desparcieux,  Essai  sur  les  probabiUtes  de  la  dur^e 
de  la  vie  humaine,  dec.  &e.  Paris,  1746.  Wargeptin,  M6moires  divers  sur  les 
tables  de  mortality,  &c.  in  the  Memoirs  of  the  Academy  of  Stockholm,  vol. 
xvi.  xvii.  xxviii.  et  xxxi.    Halley^s  Estimate  of  the  degrees  of  mortality  of 
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Ntuneiicai       The  natural  limit  of  human  life  seems  to  be  firom  80 

proportions  ^^  — _  ,         , 

of  deaths  ac  to  90  jears.  Few  men  survive  that  period*— the  greater 
cording  to  majority  die  long  before  they  even  approach  it.  Of 
ail  new  bom  infants,  one  out  oijbur  dies  the  first  year. 
Two  JifVis  only  attain  their  sixth  year;  and,  before  the 
twenty-second  year,  one  haIfo{  the  generation  is  consdgoed 
to  the  grave  :-*-the  order  which  death  observes  in  cutting 
off  his  victims  is  one  of  the  most  wonderful  phenomena  in 
nature-«^the  causes  by  which  it  is  affected  are  too  numer- 
ous and  too  complicated  to  be  here  considered  in  detail.  The 
unhealthy  nature  of  certain  occupations,  the  impetuosity  of 
the  passions,  and  the  corruption  of  manners,  prove  no  less 
fatal  to  life  than  the  original  weakness  of  the  human  frame. 
In  general,  the  mean  duration  of  human  life  is  between  30 
and  40  years ;  that  is,  out  of  30  or  40  individuals;,  one  dies 
every  year. 

This  proportion  varies  in  a  singular  manner,  according 
to  sex,  localities,  and  climates,  and  even  from  one  pro- 
vince to  another.     In  1774,  there  was,  according  to  Suss* 
milch,  one  death  for  every  26  men  and  women  in  Prussian 
Silesia,  and  1  for  every  36  in  the  March  of  Branden* 
Same  pro-   burg.     In  Sweden,  according  to  Wargentin,  they  reckon 
cotdinl^to^  1  in  33  for  the  men,  and  1  in  S3  for  the  women.     In  Den- 
sex,  climate,  mark,  the  proportion  is,  according  to  the  statistics  of  Thaa- 
rup,  1  in  37  /^,  including  Holstein.     In  Norway,  accord- 
ing to  the  same  author,  they  allow  1  in  48  J.    The  German- 
Russian  geographers  affect  to  establish  a  proportion  still 
more  favourable  for  Russia,  viz.  1  in  58  or  59 ;  but  there  is 
ground  to  believe  that  they  proceed  on  erroneous  data* 
Jt  is  certain  that  in  small  district^,  the  proportion  which 

mankind,  &c.  in  the  Philosophical  Transactions,  1691.  Arthar  Young's  Po- 
litical Arithmetic,  1775.  Black's  Arithmetical  and  Medical  Analysis  of 
mortality,  &c.  London,  1789,  2d  edition.  Short's  New  Obseryations  on  City, 
Town,  and  Country  Bills  of  Mortality,  London,  1750.  Kerseboom,  Verhandel- 
ing  tot  en  Proeve.  ftc  that  is  to  say,  Memoir  upon  the  manner  of  knowing  po* 
pnlation,  1738.  id.  Aanmerkingen  op  de  Gissingen,  &c  that  is,  Remarks  upon 
the  conjectures  relative  to  the  number  of  men,  1742.  Petty's  Observ.  on  tlie 
Dublin  Bill  of  Mortality,  &c.  1683.  Ejusd.  Several  Essays  on  Political 
Arithmetic,  1699.  Graunt's  Annotations  made  upon  the  Bills  of  Mortality, 
1666.  &c.  (these  works  arc  quoted  in  the  order  of  their  importance.) 
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the  number  of  the  deaths  bears  to  that  of  the  living  inha-  ' 
bitants  is  sometimes  extremely  low.  In' the  parish  of  Woer-^ 
duly  in  Norway,  the  mortality  was  only  1  in  74,  during  ten 
years.  In  the  government  of  Wbronesch  in  Russia,  the 
mortality  was  that  of  1  in  79  j\  ;  but  it  is  physically  im- 
possible that  proportions  so  favourable  can  obtain  in  a  coun- 
U*y  of  large  extent.  In  France,  it  appears  that  the  compu- 
tation is  i  death  in  55 ;  and  that  is  perhaps  the  most  un- 
exceptionable basis  that  can  be  adopted  for  any  country  of 
the  same  extent. 

It  is  said  that  the  mortality  is  much  greater  in  towns  Mortality 
than  in  the  country.     Wargentin  calculates  that  in  Stock-  J^j^^^h 
holm  1  in  17  men  dies,  and  1  woman  in  21.     According  country. 
to  Price,  there  dies  in  the  large  towns  of  England,  every 
year,  1  out  of  from  19  to  23 ;  in  the  small  towns,  1  in  28, 
and  in  the  country,  only  1  in  40  or  50. 

Aristotle  long  ago  exhorted  governments  to  prevent  the 
accumulation  of  inhabitants  in  the  cities  %  Sussmilch  com- 
pares cities  to  a  continually  raging  pestilence.  Such  a 
sweeping  assertion  exaggerates  the  effects  of  an  evil  whose 
existence  cannot  be  denied.  The  inhabitants  of  the  coun- 
try enjoy  two  great  advantages  over  those  of  towns,  a  pur- 
er air,  and  a  more  sober  and  regular  life.  On  the  other 
band,  ryral  employments  expose  those  who  follow  them  to 
so  many  accidents,  and  subject  them  to  so  many  hardships, 
and  to  such  a.  miserable  mode  of  living,  that  it  may  be 
doubted  whether  the  real  disadvantages  in  cities  are  as  great 
as  has  been  supposed.  The  apparent  disproportion  is  pro- 
bably owing,  in  a  great  measure,  to  the  circumstance  of  the 
hospitals  being  almost  always  established  in  towns,  and 
many  of  the  sick  being  brought  to  them  from  the  country.  •  • 
Out  of  from  20  to  21,000  deaths  in  Paris,  it  is  generally 
found  that  from  6  to  7000  have  taken  place  in  the  hospitals 
alone. 

It  appears  that  the  air  of  open  and  elevated  plains,  and  Causes  of 
of  mountains  having  a  free  approach,  is  conducive  to  Ion- ^^^^e^^^y* 

1  Arist,  d^  llcpubL  vU, 
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gevity.  The  sarae  thitig  may  be  said  of  an  insular  atmo- 
sphere, which  is  always  innovated  by  the  breexes  from  the 
sea.  Bussia^  Norway,  Sweden,  Denmark,  Scotland,  Ire- 
land, and  Switzerland,  are  the  countries  which  furnish  the 
most  numerous  and  the  most  authentic  exam|des  of  men 
and  women  having  had  their  lives  extended  beyond  the  pe- 
riod of  100  years.  In  these  countries,  we  may  reckon  one 
centenarian  for  every  three  or  four  thousand  individuals '. 
But,  we  know  that  there  are  many  countries  in  which  longe- 
vity is  common,  although  we  do  not  exactly  know  to  what  ex- 
tent Pliny  mentions  that  part  of  Italy  which  extends  from  the 
Appennines  to  the  Fo,  and  from  Flacentia  to  Bologna,  as 
containing  a  great  number  of  men,  from  100  to  150  years 
of  age,  at  the  time  of  the  census  which  was  taken  under 
the  emperors  Claudius  and  Vespasian  \ 

Rare  examples,  hpwever,  of  extreme  longevity,  of  a  life 
of  150  years  and  upwards,  seem  to  be  common  to  all  coun- 
tries without  distinction.  If  En^and,  the  salubrity  of  which 
is  so  highly  extolled,  has  furnished  three  or  four  examples  of 
men  arriving  at  the  age  of  from  150  to  169  years  \  Hungary 
which,  generally  speaking,  is  not  a  very  healthy  country, 
has  seen  the  celebrated  Pierre  Czartan  prolong  bis  life  to 
the  158th  year",  and  John  Rovin,  at  the  age  of  17S  had  a 
wife  of  164,  and  a  youn^r  son  of  117.  It  is  id  the  Ban- 
nat  of  Temeswar,  a  very  marshy  district,  and  subject  to 
the  putrid  fever,  that  these  examples  of  longevity,  and  ma- 
ny others,  have  been  observed  ^.  A.  mode  of  life,  which  is 
/  sober,  and  unruffled  by  tumultuous  passions,  singularly  con- 
tributes to  longevity.  According  to  the  author  of  a  very 
Influence  of  curious  little  work  %  called  the  Apology  Jbr  Youth,  162 
j^/lJJ2J^*'- hermits,  taken  in  all  ages,  and  under  every  climate,  pro- 

'  SiuismUch,  Ordre  diviot  &c.  §  48S.  *  Plin.  viL  49. 

*  Robinson,  Philosophical  Transactions,  Nos.  44  and  221.     Baddam*s  Me- 
moir, i.  164.  iiL  174.  Hatleian  Miscellanies,  vi.  art.  8. 

^  Comment  de  rebus  in  scient.  natur.  et  medic,  gestis,  voL  v.  p.  147. 
"  Hanov.  Raretes  Naturelles,  i.  120.  (in  German)  Czamer,  append,  ad 
Medicin.  castrent.  de  climate  Hxugarico. 

*  Journal  de  -Medicine,  voL  Ixxiii.  p.  340. 
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duce  a  sum  total  of  1 1,5^9  years  of  life,  and  consequently  an 
average  of  76  years  and  a  little  more  than  three  months  for 
each ;  whereas  the  same  number  of  Academicians,  the  one  half 
belonging  to  the  Academy  of  Sciences,  ac&d  the  other  to  that 
of  Belles  Lettres,  gives  only  10,5 11  years  of  life,  conse- 
quently 69  years  and  a  little  more  than  two  months  for  the 
mortal  career  of  each.  It  is  therefore  not  improbable,  that 
in  tlie  ages  of  patriarchal  innocence,  the  period  of  150,  or 
even  WO  years,  was  much  more  commonly  attained  than  it 
is  in  our  times.  This  is  what  the  ancients  afSrm  of  the 
Seresp  of  the  Cyrni  of  India,  of  the  Epians  in  iEtolia,  and 
of  the  inhabitants  of  Mount  Athos  and  Tmolus. 

In  the  ordinary  course  of  nature,  ,at  least  amongst  civi-  £xcess  of 
lized  nations,  the  number  of  births  exceeds  the  number  of  5^*j^g**^°^* 
deaths.  But  the  proportion  varies  with  the  situation.  In 
the  country,  there  is  frequently  1  born  yearly  for  every  22 
of  the  population.  In  towns,  the  proportion  is  less  favour- 
able, being  often  1  to  40,  more  generally  1  to  35.  In  this 
respect,  climate  occasions  a  remarkable  difference.  The 
most  healthy  climate  is  not  always  that  in  which  there  are 
most  children  born — ^for  example,  in  Denmark,  the  propor- 
tion of  births  to  the  existing  inhabitants  is  as  1  to  31 ;  in 
Norway,  as  1  to  84.  In  France,  the  proportion  is  as  1  to 
@9.  There  are  reckoned  in  Sweden  4  children  to  a  mar- 
riage— in  France  4^;  consequently  the  ancient  opinion, 
which  considered  the  north  as  the  offidna  gentiunif  the 
cradle  of  nations,  although  supported  by  many  philoso- 
phers ^  besides  the  antiquary  Rudbeck,  is  altogether  des- 
titute of  foundation. 

The  manner  of  life,  the  nature  of  the  different  trades,  Phyncal 
and  the  quality  of  the  food  commonly  used,  are  circum-  "J^     . 
stances  which  exert  a  greater  influence  than  climate  upon  tipiy  the 
the  propagation  of  the  human  race.     It  has  been  observed,  ^^*"  *^' 
that  people  who  live  upon  fish,  multiply  faster  than  those 

'  Machiavelli.  Storia  Fiorent,  1.  c  3.  Bayle,  Nouvellesdela  B^ublique 
des  LtfUres,  1665.  January,  art  8.  Comp.  for  refutatioo.  Wargentin,  Mem. 
of  the  Acailemy  of  Stockholm,  xvi.  173.     (German  translation.) 


666  BOOK   TWENTY-SECOND. 

who  subsist  on  nothing  but  flesh  ■.  The  fecundity  of  the 
women  of  Sologne,  a  country  by  no  means  healthful^  is 
perhaps  to  be  ascribed  to  the  back-wheat  which  constitutes 
the  principal  article  of  food  to  the  inhabitants  of  that  can- 
ton ;  for  this  kind  of  grain,  as  is  observed  in  birds,  appears 
to  stimulate  the  organs  of  generation",  whilst  rye,  on 
the  contrary*  is  said  to  occassion  infecundity  in  the  fowls 
that  live  upon  it  ^  Among  tribes  that  lead  a  wandering 
life,  and  are  not  very  numerous,  there  are  fewer  children 
born  than  in  those  better  peopled  countries  where  the  indi- 
viduals of  both  sexes  are  brought  nearer  together,  and  are 
more  frequently  in  presence  of  each  other.  In  populous 
countries,  however,  which  have  attained  a  high  degree  of 
civilization,  the  number  of  births  diminishes,  owing  to  the 
dearness  of  provisions,  which  makes  it  more  difficult  to  sup- 
port a  family,  and  consequently  renders  marriages  less  fre- 
quent. The  period  in  which  a  people  subsist  principally 
by  agriculture,  and  when  the  conveniences  of  life  are  easily 
procured,  appears  to  be  that  in  which  population  most  ra- 
pidly advances. 

It  is  owing  to  the  physical  influence  of  the  air,  the  food, 
and  the  mode  of  life,  that  certain  seasons  of  the  year  are 
more  favourable  to  fecundity  than  others.     Pliny  calls  the 
Genial  sea-  spring  the  genial  season.     Hippocrates  had  previously  ob- 
*^°"'  served,  that  spring  was  the  season  most  favourable  for  con- 

ception. Aristotle  has  justly  remarked,  that  the  sun  and 
man  labour  together  in  the  reproduction  of  man.  Obser- 
vations made  in  several  countries,  concur  in  determining 
the  months  of  December  and  January,  to  be  those  in  which 
the  greatest  number  of  children  are  born.  Local  circum- 
stances, depending  upon  the  manner  of  life  peculiar  to  a 
nation,  may  modify  or  alter  this  general  rule.  In  Sweden, 
'  according  to  Wargentin,  the  month  in  which  there  are  most 
births  is  that  of  September,  and  the  month  of  January  on^ 


■  Montesquieu*  Esprit  des  Loix,  I.  xxiii.  c.  13. 

■  Mem.  de  la  Sodete  Royale  de  Medicine,  1776,  part  ii.  p.  70* 
I*  Journal  de  Medicine.    voL  Ixiv.  p.  270. 
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ly  ranks  next  to  it.  This  fact  is  easily  explained,  when  we 
recollect  that  amongst  all  the  nations  of  the  north,  particu- 
larly in  the  country,  the  season  of  Christmas  and  the  new 
year  is  devoted  to  festivity  and  mirth. 

The  number  of  births  is  directly  and  materially  affected  Political 
by  causes  of  a  moral  and  political  nature.    The  difficulty  of  "°^  moral 

•^    .  .  A  ^  •'        causes  mul- 

iinding  subsistence  is  unfriendly  to  the  increase  of  marriages,  tipiying  the 
and  it  is  only  from  marriages  that  a  state  can  hope  to  see  a*P®*^"** 
numerous  race  of  children  arise.     Libertinism,  a  communi- 
ty of  wives,  polygamy,  and  divorce,  have  never  had  a  sa- 
lutary influence  on  population.     It  has  been  shewn  by  the 
most  authentic  calculations,  that  of  two  bodies  of  individu- 
als, equal  in  number,  that  which  lives  in  the  marriage  state 
produces  more  children  than  that  which  promiscuously  in- 
dulges in  the  commerce  of  the  sexes.     As  to  the  celebrated 
institution  proposed  by  Plato,  we  must  refer  to  that  philo- 
sopher  himself.     The  community  of  wives  that  he  thought 
of,  was  regulated  by  severe  laws,  and  had  for  its  object  to 
limit  population,  by  purifying  it*'.     The  polygamy  of  theof  polyga* 
East,  considering  the  numerical  equality  of  the  two  sexes,  "^  *°^  ^*' 
allows  a  plurality  of  wives  to  one  man,  only  by  condemning 
to  celibacy  a  great  proportion  of  the  community.     Montes- 
quieu accordingly,  has  declared  it  to  be  very  injurious  to 
population^;  but  this  philosopher  has  at  the  same  time 
defended  the  facility  and  frequency  of  divorce.     He  has 
ventured  to  attribute  to  this  cause  the  immense  number  of 
inhabitants  which  he  assigns  to  the  ancient  Roman  empire ; 
and  he  has  gone  so  far  as  to  insinuate  that  the  Christian 
religion,   by  inculcating  continence,    and  the  indissoluble 
nature  of  the  marriage  union,  has  diminished  the  number 
of  the  human  race  ^.     This  calumny  is  easily  refuted  by 
the  testimonies  of  the  ancients  themselves,  who  all  agree  in 


«  Flat  de  Republ.  lib.  t. 

*  Lettres  Feisanes,  Let.  110.  Esprit  dcs  Lois,  liv.  xvL  chap.  6. ;  liv.  xxiii. 
chap.  2. 

•  Montesquieu,  Lettres  Persanes,  Let  110  et  112.     Comp.  Esprit  dcs 
l4)is.  xvi-  15. ;  xxiii.  21.  near  the  end. 
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representiDg  the  primitive  ennctity  of  mamage  as  the  direct 
souree  of  the  ineshauetiUe  strength  of  the  Roman  Yepablic^ 
whikt  under  the  emperors,  in  the  age  of  cornxptioti,  Italy 
would  have  remained  uncultivated  for  want  of  hattds,  bad 
the  soil  not  been  iaboured  by  legions,  or  rather  by  whole  na- 
tions of  daves^  collected  together  from  all  parts  of  the  work!  s. 
All  the  evil  which  has  actually  arisen  from  the  celibacy  of 
the  clergy«^a  celibacy  no  where  enjcnned  in  the  Gospel— 
camot  countervail  the  services  which  ChristiaBily  has  ten. 
dered,  ma*ely  with  r^ard  to  the  increase  and  preservation 
of  our  species. 

The  immoderate  use  of  strong  liquors  tends  to-  enervittG 
ilo»  frame,  and  to  exhaust  the  powers  of  propagation.  An 
active,  sober  people^  equally  moderate  in  their  passions  and 
their  pleasures,  will  always  be  superior  in  fecundity  to  a 
people  debauched  by  luxury,  effeminacy,  and  voluptuous  en- 
joyBoents.  A  proof  of  this  may  be  obtained  by  comparing 
Agricuitu-  an  agricultural  country  with  one  whidi  is  filled  wi&  vine- 
yards It  appears  to  be  proved  that  a  square  lei^e  laid 
out  in  fields^  can  furnish  occupation  and  food  only  tor  1990 
individuals^  whereas  a  space  of  equal  extent^  planted  with 
vineyards,  supports  2604  persons  ^  Why  then  are  dis- 
tricts abounding  in  vines^  often  more  thinly  peopled  than 
agricultural  provhices  under  the  same  dimate  ?  Why  are 
the  vine-dressers  so  often  in  miserable  drcumstances  ?  For 
no  other  reason;  than  that  drunkenness  is  mate  prevalent 
in  such  a  district,  and  because  the  annual  produce  of  the 
vine  is  more  uncertain  than  crc^  of  grain. 

<<  The  period  of  puberty  arrives  sooner,^  it  has  been 
said,  ^<  in  wanii  and  southern  countries,  than  ia  cold  cii- 
mates,  as  those  of  the  ncorth,  and  of  elevated  mountains.'" 
This  commonly  received  opinion  must  be  understood  with 


ral  and  vine 
cotmtries; 


Peiiod  of 
puberty. 


'  Dionys.  Halicarn.  ii.  Yaler.  Maxim.  iL  c.  4k  AuL  Gell.  iv.  c.  3.  Plut. 
Pftrall.  de  Thes^o  et  Komulo.  Cic.  de  RepubL  lib.  vu  *^  Majoxes  nostd  /r. 
miter  ttabiiUa  matrimooia  ene  volaenmt** 

(  Fliii.  Hiat.  Nat  xuiii.  10.  Seneca  de  Tranquill.  c.  8. ;  X>e  JBrevit  Vi. 
ta,  c.  12.    Athen.  Deipnoeoph.  Ltpi.  db  Magnttudiae  Bomana»  ii.  15. 

^  Disooiin  8ur  les  Vignes,  Dijon,  1756. 
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some  limitation.  It  is  true,  {or  example,  that  the  Barbarj 
women  ^re  gj^nerally  mothers  at  11  years  of  age,  and  cease 
to  bear  children  at  80  K  Buffon,  quotii^  from  Therenot, 
says,  that  in  the  tdogdom  of  the  Deccan,  boys  aire  married 
when  10  years  old,  and  girls  when  eight,  and  that  there  are 
some  who  bear  children  al  that  age ;  so  that  they  may  be 
grandmothers  before  they  are  £0.  But  if  this  were  purely  the 
effect  of  climate,  as  Buffibn  imagines,  a  very  singular  conse« 
quence  wcmld  ftdtow.  The  climate  which  the  Negroes  of 
Sen^gfil  inhabit,  is.  certainly  warmer  than  that  of  Barbary, 
and  even  than  that  of  the  peninsula  of  the  Deccan.  If  then  it 
is  the  influence  of  climate  alone  which  accelerates  the  period 
of  puberty  amcmgst  the  nations  of  India,  and  which  fixes 
it  at  10  or  11  years  of  age,  the  same  influence  should  also 
fix  tba  period  of  puberty  amongst  the  Negroes  at  seven  or 
eight  years.  But  so  far  is  this  from  being  the  fact,  that  all 
the  accounts  which  we  have  consulted,  seem  to  prove  thi^ 
the  lE^e  of  puberty  amongst  the  Negroes  is  not  much  earlier 
than  amongst  the  southern  nations  of  Europe.  It  appears^ 
then,  that  even  in  the  torrid  zone,  the  physical  phenomenan 
in  question,  diepends  rather  upon  the  difference  ofAe  race^ 
than  upon  that  of  the  climate. 

There  are  other  factS'Stilt  more  conclusive.    All  the  Btts#  Examples 
sian  and  Danish  trAViellers  who  have  given  us  written  ac-?,  thS^ris"' 
counts  of  Lapland,  and  the  other  coimtries  in  the  nsigh-spect. 
bourhood  of  the  Frozen  Sea  S  agree  in  stating  that  the  wo^ 
men  of  these  regions  are  not  only  very  lascivious,  but  ihsA 
they  become  marriageable  at  an  early  period.    A  French*- 
man  who  has  seen  much,  and  seen  with  observation^,  as» 
suree  us  that  the  Swedes  become  sensible  to  the  passion  for 
the  sex  at  the  age  of  19  years.     In  Russia  the  peasants  of- 
ten marry  at  the  same  age.   In  the  Vivarais,  a  mountainous 
and  cold  tract  of  countrv,  the  natives  are  as  soon  marriage- 


*  Shaw*8  Travels  in  Barbary,  4to,  p.  241* 
^  H«g8tTom,  Elingstedt,  &c  &c. 

1  M.  Fartia  de  Piles,  dans  le  Voyage  de  deux   Fran^ais  dans  le  Nord, 
tome  ii.  p«  422. 
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able  as  in  the  other  provinces  of  the  south  of  France  ^.  The 
savages  of  America,  who  dwell  under  the  line,  arrive  as 
late  at  puberty  as  those  who  live  near  the  pole.    With  thetn 
the  men  do  not  marry  before  they  are  80,  nor  the  women 
before  20. 
General  in*     It  appears  then  that  we  should  consider  this  physical 
ference.       difference  rather  as  inherent  in  the  particular  race  than  as 
dependent  on  climate.     The  cause  is  often  to  be  found  in 
the  extreme  corruption  of  manners,     fie  this  as  it  may,  the 
phenomenon  of  which  we  speak  has  probably  but  little 
influence  on  the  number  of  births,  and  none  whatever  up- 
on  the  increase  of  population.     In  the  first  place,  it  is  ob- 
served, that  in  every  couutry  where  women  are  marriage^ 
able  at  a  very  early  period,  they  also  sooner  cease  to  bear 
children :  in  India  they  become  old  at  SO.     In  the  second 
place,  the  children  in  those  countries  are  more  feeble,  and 
subject  to  greater  mortality. 
Kumerical       l^his  last  observation  can  even  be  extended  indiscrimi- 
PJ^P^'^J^™  nately  to  all  nations;  we  should  always  beware  of  inferring 
and  mar.    an  increase  of  population,  sdely  from  the  number  of  the 
riages.        births  appearing  to  be  greatly  superior  to  the  number  of 
the  deaths.     When  this  excess  is  extremely  disproportion- 
ate to  the  number  of  deaths  and  marriages,  there  is  reason 
to  suspect  some  want  of  exactness  in  making  out  the  lists, 
or  some  extraordinary  physical  circumstance.    The  propor- 
tion of  births  to  marriages^  on  an  average,  an4  in  a  coun- 
try of  some  extent,  can  scarcely  be  more  than  5,  or  less  than 
3  births  to  one  marriage.     The  ordinary  proportion,  in  the 
most  civilized  countries  of  the  world,  is  four  births  to  one 
marriage.     The  proportion  between  births  and  deaths  is, 
one  year  with  another,  from  101  to  150  for  every  100. 
This  last  proportion  indeed  occurs  only  in  some  provinces 
of  small  extent,  and  singularly  favoured  by  nature.    Every 
proportion  higher  than  this,  with  regard  to  an  extensive 
country,  ought  to  be  viewed  with  suspicion^  unless  verified 
by  calculations  and  registers  of  undoubted  correctness  and 

"'  Mcmoire  de  la  Societe  royale  de  Medecine,  1780  et  1781,  i»art  II.  p.  130. 
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autheAtidt  J.  To  ttiention  only  one  example :  the  tlussians 
may  be  permitted  to  assert  that  almost  every  year,  (even  in 
time  of  wdr,)  there  are  more  than  one  million  of  individuals 
born  in  the  Russian  empire,  whilst  only  from  500,000  to 
600,000  die.  But  we  also  must  be  allowed  to  express  our 
doubts  as  to  these  marvellous  results,  and  to  ascribe,  in 
part,  this  disproportion  between  the  deaths  and  the  births, 
to  the  carelessness  of  those  who  keep  the  re^sters.  Euler 
has  constructed  the  following  table,  by  means  of  which  we 
may  see,  at  a  glance,  in  how  many  years  the  population  of 
a  country  may  be  doubled  under  certain  conditions  °. 


in  a  CoufUry  qf  100,000  inhdbitcmtSi  the  Mortality  being  Table  of 

.    .     Q£»  the  increase 

1  »^  ^^'  of  the  spe- 

cies. 


The  deaths  be- 

The surplus  of 

This  siiiplus  will 

The  doubliag  of 

ing  to  the 

births  wiUbe 

make  of  the  sum 

the  population 

Mrtfas,  as. 

of  the  UviDg 

will  take  place  in 
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12 
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14 
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1943 
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22 
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sV 

2H 

25 

4165 

^7 

17 

30 

5554 

V« 
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The  same  mathematician,  founding  on  data  extremely  fa- 
vourable to  the  propagation  of  the  species,  has  constructed 
a  table,  the  general  result  of  which  is,  that  the  human  race 
jthight  be  tripled  in  S4  years,  and  that  at  the  end  of  SOO 
years  the  posterity  of  one  couple  migh  amount  to  3,993,954 
individuals. 

Taking:  the  total  number  of  the  human  race  at  700  mil-  Proportioa 
iions,  (which  is  rather  high,)  the  ratio  of  the  deaths  to  ^^'^^^ 
the  living  population  as  1  to  33,  and  that  of  the  births  in  a  given 

time. 

"  Euler,  Tables  comimintcated  to  Sussmilch,  Oidre  di>io,  cha|K  vixi.  §§  152., 
156.  162. 
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to  the  Uviag  as  1  to  Sj^,  we  shall  I^ve  for  .ike  wbold 
globe,. 

Births.  Oeatbs. 

In  one  year, 23,728,813    .    .    .  21,212,131 

—  one  day, 65,010   ....    58,120 

—  one  hour,       .....            2,709  .     .    .    ^    •  2,421 
— •  tut  miniite, 45 40 

—  onetecond, | J 

Whence  it  follows,  that  the  sum  total  of  the  human  race 
would,  in  one  year,  be  augmented  by  an  accession  of 
S,5 16,693  individuals,  were  it  not  for  wars  and  pestilences. 
This  augmentation  would,  in  100  years,  bring  the  number 
of  men  up  to  8,216  tnillions.  The  cjarth  might,  perhaps, 
support  a  still  greater  number  ;  but  all  the  records  of  his- 
tory seem  to  concur  in  showing  that  the  increase  of  the  hu- 
man race  has  hitherto  advanced  at  a  much  slowei:  rate. 
Numerical  The  proportion  between  the  numbers  of  the  two  sexes  is  a 
ofSTm  "**^^^  of  great  importance,  both  in  statistics  and  legislation. 
iezef.  In  Europe  there  are  always  more  boys  bom  than  girls,  in 
the  proportion  (^  21  to  20,  or,  according  to  others,  of  26  to 
25.  On  the  other  hand,  the  mortality  also  is  greater 
amongst  the  male  children,  in  the  proportion  of  nearly  27 
to  26;  in  consequence  of  which,  about  the  15th  year,  the 
numbers  of  the  two  sexes  are  brought  almost  to  an  equali- 
ty :  there  is,  however,  still  a  surplus  in  favour  of  the  males. 
But  this  surplus  in  the  number  of  the  men,  even  though  it 
were  three  or  four  times  greater,  is  carried  off  by  wars,  by 
dangerous  voyages,  and  by  emigration,  to  the  casualties  of 
whicji  the  female  sex  are  less  exposed.  Thus,  the  final  re- 
sult of  this  is,  that  in  our  climates  the  women  are  always 
more  numerous  than  the  men.  This  difference  is  particu- 
larly observable  at  the  conclusion  of  a  long  war.  Accord- 
ing to  Warg^ntin,  it  amounted  in  France,  after  the  seven 
years  war,  to  890,000  in  24  or  25  millions  of  souls ;  and  in 
Swed^i,  after  the  Northern  war,  about  127,000  in  a  popu- 
lation of  two  million  and  a  half. 

At  the  same  time  the  difference  of  numbers  between  tbe 
two  sexes  is  not  in  Europe  sufiiciently  great,  nor  indeed 
sufficiently  steady  to  warrant  any  conclusion  unfavourable 


t0  the  syirtam  of  mtnuogtmjf  t\mi  i^  of  isnrifages  botiteen 
one  man  and  one  wotnoo.  Such  i&atnflg«9  didy  are  fitted  to 
inKff e  domestia  hoppineaS)  and  ti>  inwitBiti  pure  mdrab ; 
tbi^  are  bemdes  Aaactioned  by  the  soundest  maxiiiM  of  pd- 
litical  economy ;  and  none  can  doubt  that  the  preralenee 
^  f(^gOftm)^  or  the  marriage  oif  one  inaft  to  Mter&l  wites, 
iNyald  prove  fatal  to  the  welfare  of  Europi^. 

Some  tottfelleis  1^  have  imagined  that  in  wanii  cImatiB  Are  there 
there  are  more  girls  bom  than  boys ;  and  as  the  male  sex  |^^  f^^ 
is  liable  to  more  rapid  destruction  in  such  climates  than  incatt? 
ours,  the  surplus  of  women  must  become  very  great ;  hence 
Montesquieu  concludes  that  polygamy  amongst  those  peo* 
pie  admits  of  a  very  plausible  excuse ;  but  the  position  from 
which  he  sets  out  is  altogether  unfounded.     The  research, 
es  of  Father  Parennin  in  China  S  the  lists  of  baptisms 
kept  by  the  Danish  missionaries  of  Tranquebar  %  the  vari- 
ous censuses  taken  by  the  Dutch  at  Amboyna  and  Batavia  % 
and  the  observations  made  at  Bagdad  and  Bombay^  by 
the  judicious  Niebuhr  S  have  demonstrated  that  the  number 
of  children  of  both  sexes  is  not  more  disproportionate  in 
the  East  than  in  Europe. 

It  is  alleged  with  more  reason,  that  there  are  some  nations 
who,  being  in  the  babit  of  selling  a  number  of  their  wo. 
men  to  foreigners,  experience  a  deficiency  of  them  at  home, 
which  has  obhged  them  to  establish  polyandrism^  or  the 
marriage  of  one  woman  to  several  husbands  ~.  Such  a  prac^ 
tice,  if  it  does  exist,  is  evidently  the  least  favourable  to  po-* 
pulation. 

'  Kcmpfer,  Description  du  JapoD,  L  liv.  2,  diop.  5.  A  Colleetioii  of  the 
Voyages  of  the  East  India  Company,  L  346. 

4  Lettxes  ^fiantes,  xxvL  recudl,  p.  8.  (Paris,  1743.) 

'  Sussmilch,  TOrdxe  Divin,  &e.  §  41S. 

■  Valeutyn,  Beschryving  van  Amboina,  u.  p.  342.  Stniyck,  Nader  ont- 
deUdngen  noppens  den  staat  Tan  het  meuschdyk  geslagt,  pb  104,  (in  Dntch  ) 

*  Niebuhr,  Description  de  FArabie,  i.  102,  iqq. 

•  Duhalde,  Description  of  China,  iv.  461.  Strabo  (Description  of  Media,) 
iae.  798.  edit.  Ahnel,  Compare  Miehaelis^  Mosaic  Right,  ii.  199..(i«  GaroMuJ 
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Genenl  jt  has  been  ooiDmoiily  computed  that  a  district,  in  whidi 

of  KxcB,      there  are  10,000  infants  bom  yearly,  must  contain-  in  all, 

am  •<»<«»  295,028  inhabitante  of  both  sexes,  of  whdm  93,008  should 

be  children  below  15  years,  and  202,019  persons  above 

that  age. 

Amongst  these  individuals,  there  will  be  at  the  most  23,250 
monogamic  marriages,  (the  mean  duration  of  which  may 
'  be  estimated  at  21  years,)  5,812  widows,  and  4,859  widow- 
en,  the  rest  single. 
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Continuation  and  Conclusion  of  the  general  TTieory  of 
Geography.  OfMan^  considered  as  a  Moral  and  PoRti- 
col  being  ;  oTj  Principles  of  Political  Geography. 


We  have  for  a  long  time  conridered  the  earth  as  a  phy-  Pditkil^ 
acal  body,  having  relations  to  other  physical  bodies  which  '^****"'^' 
surround  it,  or  which  dwell  upon  its  surface.  No  sooner, 
however,  had  man  become  the  subject  of  our  inquiries,  than 
tre  have  seen  physical  geography  gradually  ^ve  place  topo^ 
Utical,  This  branch  of  our  science  considers  the  earth  ac- 
cording to  its  political  divisions,  and  in  its  relations  to  the 
different  civilized  societies  which  are  established  upon  it.  It 
is  evident  that  this  department  of  geography  has,  as  well  as 
the  others,  general  principles  of  its  own,  which,  taken  collec 
tively,  form  a  theory^  and  the  knowledge  of  which  ought  to 
precede  the  study  of  particular  descriptions.  Of  these  prin- 
ciples, however,  those  which,  from  their  having  a  founda- 
tion in  the  nature  of  our  being,  do  not  change  with  the 
changes  of  human  opinion,  are  few  in  number.  The  other 
relations  vary,  if  not  in  different  kingdoms,  at  least  in  dif- 
ferent parts  of  the  world ;  and  this  induces  us  to  confine 
ourselves  here,  to  a  rapid  view  of  the  former  class  of  prin- 
ciples,  reserving  for  the  others  their  proper  place  in  our 
particukr  introductiops  to  the  description  of  each  grand  di- 
vision of  the  globe. 

Articulate  language^  the  noble  inheritance  of  human  na-Ardcnlate 
ture,  forms  the  great  bond  of  civil  society.  Few  animals  ""^ '■*'°'" 
have  language  which  is  articulate^  or  possessed  of  distinct     *^^^ 


and  uniform  souncU,  and  even  these  scarcely  amount  to 
ten  or  twelve  inflexions  of  the  voice.     No  animal  has  a  ra^ 
tiondl  language,  that  is,  a  language  whose  different  sounds 
express  uniformly  and  distinctly  general  ideas.     This  fa- 
culty of  expresdng  our  ideas  by  words,  insures  of  itself  the 
continued  exerdse  of  our  memory— and  without  memory 
where  would  be  the  understanding  ?    It  is  only  by  means 
of  speech  that  man  is  a  reasonable  being.     It  is  speech 
which  renders  the   observations,  the  feelings,   the  disco* 
veries  of  the  individual,  the  property  of  the  species; 
thence  arise  sciences,  arts,  civilization,  and  the  unlimited 
perfectilnlity  of  the  human  race.     Language,  considered  as 
a  moral  and  phyncal  faculty,  appears  then  to  be  innate  to 
man;  but  the  choice  of  sounds,  their  modifications  and 
thar  combinations,  must  have  depended  upon  the  will  of 
man  ;  natural  logic  has  unquestionably  bad  its  influence, 
and^  in  addition  to  it,  the  passions  of  individuals,  thdr 
habits,  the  delicacy  of  the  organs,  the  nature  of  the  climate, 
and  the  state  of  society,  would  all  of  them  contribute  to 
Pitmitive    produce  effects.     The  primitive  tongties^  possessing  a  very 
^*°i**^      scanty  stock  of  words,  simple  as  the  manners  of  those  by 
whom  they  were  spoken,  would  naturally  be  lost  by  be- 
coming confounded  with  the  more  perfect  dialects  which 
sprung  from  them,  just  as  the  primitive  nadons  have  disap- 
peared, by  merging  in  thos^  nations  celebrated  in  history,  to 
which  they  had  originally  given  birth. 

But  although  all  attempts  to  discover  the  primitive  tongue 
*  appear  now  to  be  completely  abandoned,  philologists  still 
Mote      do  not  despair  of  fixing  the  number  of  mother  tongues^  that 
*^^""^      is,  of  those  which,  in  the  principal  words  of  which  they  are 
eomposed,  in  the  grammatical  inflexions  which  they  adopt, 
and  in  the  syntax  which  they  follow,  present  to  us  a  charac- 
ter independent   of  every  other  tongue.     These  mother 
tongues,  however,  as  they  suggest  the  possibility  of  a  com- 
mon ori^n,  from  their  exhibiting  some  distant  traces  of  re- 
semblance, form  amongst  ihevas^lyeSfJamilies,  without  any 
of  tifaem  being  able  to  claim  pre-eminence  in  point  of  antl> 
ijuiiy. 


POLITICAL    OEOGBAFHY.  567 

It  may  well  be  asked.  By  what  criterion  shall  we  ascer-  Familieg  of 
tain  the  high  antiquity  of  a  language  ?  Should  it  be  chiefly  ^°***"' 
cOTuposed  of  vowels f  as  the  Otaheiianj  the  Zend,  t^e  Basque 
or  Iberian^  the  Algumquinf  the  Caribbee,  the  Esqmiaumx  f 
But  diese  tongues,  almost  entirely  conasting  of  rowels^  Difftnnt 
have  to  mutual  nesemblance  in  any  other  respect.     Is  the  c^*"^*^* 
most  ancient  tongue  rnxmosyBaMc,  as  M.  Adelung*  would 
have  us  to  believe  ?    But  the  Chinese,  the  7%ifeton,  the 
Tcnquinese,  and  the  Siamese,  which  on  this  supposition 
WDiikl  be  the  primitive  tongues,  bear  no  resemblance  in  their 
sounds  to  the  language  of  the  Celts  or  the  Negroes.     If  we 
are  desirous  of  examining  languages  as  to  their  grammata* 
cal  forms  and  their  syntax,  we  shall  find,  on  the  one  hand, 
some,  in  which  the  relations  of  genders,  persons,  modes  of 
action,  and  of  time,  are  expressed  by  the  most  ingenious, 
delicate,  and  profound  combinations,  as  in  the  Sanscrit,  the 
Hebrew,  and  the  Greek;  and,  on  the  other  hand,  we  shall 
see  others  in  which  all  these  relations,  though  indispensably 
necessaiy  to  thought,  are  attempted  to  be  marked  only  by 
dusters  of  vague,  obscure,  puerile,  and  arbitrary  words,  aik 
in  the  Chinese,  the  Celtic,  the  dialects  of  the  Negroes,  and 
those  of  New  Holland.     Some  might  say  that  these  last- 
mentioned  tongues  idiould  be  the  most  ancient,  as  being 
nearer  to  nature,  in  the  vulgar  acceptation  of  the  word. 
History  however,  clearly  proves  to  us,  that  the  Hebrews, 
the  Indians,  and  the  Greeks,  were  at  least  as  ancient  as  the 
ISthiopians,  the  Celts,  and  the  Chinese.     It  is  then  indif- 
ferent where  we  begin  to  count  the  links  of  a  chain  which 
islbstin  the  darkness  of  ages.     We  shall   first  mention  F«nily  of 
iheJhmUy  of  the  Ind^Gernuinic  tongues,  which  extend  ^"^r*" 
fW)m  the  banks  of  the  Ganges  to  the  shores  of  Iceland.  to»8;«"* 
The  principal  divisions  of  this^m%  follow  in  thegeograp* 
phical  order  which  we  are  about  to  point  out.     The  SanS'  The  Sam- 
m<  prevailed  anciently  throughout  all  Hindostan.     Frbm^^^' 
the  Sanscrit  descend  the  Dewanagara,  the  purest  idiom  of  &c. 

•  Mithridates,  ou  Notice  g^n^nle  des  langues,  par  Adelung,  2  vols.  Svo. 
▼oL  i.  p.  130* 
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India,  the  Tamulic,  and  several  other  dideots  spoken  in 
the  Decan.  Besides  a  certain  number  of  roots  or  original 
words,  which  the  Sanscrit  has  in  common  with  the  Greek, 
the  Latin,  the  Sclavonic,  and  the  Grerman,  it  displays  also, 
in  its  numerous  declensions,  and  in  its .  extended  conjuga- 
tions, the  most  striking  affinities  to  these  mother  tongues  of 
Europe,  particularly  the  Greek  and  Latin.  Persia  pre. 
The  Zend,  sents  to  US  three  ancient  languages :  the  Zend,  which  ap^ 
&C.  *^' pears  to  have  been  the  sacred  language ;  the  Pelhevi,  the 
language  of  ancient  Media ;  and  the  Farsi,  a  dialect  of 
Persia,  whence  descend  in  part  the  modern  Persic  and  the 
Eurde.  In  all  this  group  of  languages  there  are  a  great 
many  German  words  to  be  found ;  the  grammar,  infinitely 
less  rich,  and  less  regular  than  that  of  the  Sanscrit,  resem- 
bles, in  several  points,  the  genus  of  the  German  and  Eng-, 
lish  languages.  The  hissing  consonants,  unknown  in 
the  Sanscrit,  appear  already  in  the  Parsi. 
(irrek  The  Greek  tongues  form  one  of  those  kinds  of  which 

tongues.      ^^  know  best  the  different  species.     The  Hellenistic,  or 
Greek  proper,  had  three  dialects  :  the  Doric,  which  is  en- 
tirely extinct ;  the  Ionic,  to  which  the  modern  Greek  ap- 
pears to  have  the  greatest  resemblance ;  and  the  iEolian, 
which,  being  very  early  transplanted  into  Italy,  became 
Sclavonic    the  parent  of  the  Latin.     To  the  class  of  Sclavonic  tongues^ 
°    *      which,  in  their  declensions,  and  several  other  circumstances, 
resemble  the  Greek,  belong  the  Sclavonic,  Illyrian,  the  Po- 
lish, the  Bohemian,  the  Russ,  and  the  different  remains  of 
the  Wende  tongue.     The  language  of  the  Pacians  and 
Getas  was  probably  an  old  branch  of  this  class.     In  the 
(>erm;inic    (\bs!&  of  Germanic  tongues,  a  very  ancient  division  is  per- 
cUHgcs.   ^gj^ed :  the  Frisonian,  French,  Saxon,  Anglo-Saxon,  and 
Alemanic  topgues,  form  the  Teutonic  branch ;  whila(t  the 
Moeso-Gothic,  preserved  in  Ulpila's  version  of  the  Gos- 
pels, the  Icelandic,  and  modern  Scandinavian,  in  its  two 
principal  dialects  the  Swedish  and  the  Danish,  constitute 
the  Gothic  branch  \  these  branches  differ  like  the  Greek 
and  Latin. 

In  the  neighbourhood,  and  even  in  the  midst  of  this 
great  family,  composed  of  the  more  perfect  mother  tongues, 
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we  perceive  other  &niilies  also  of  great  antiquity,  but  ivhicht 
in  their  clumsily  constructed  grammar,  nowise  resemble 
either  them,  or  the  Indo-Germanic  tongues.     Such,  in  the  Families  of 
west  of  Europe,  are  the  Celtic  tongues.     The  P™cipal^f^^^ 
species  of  which  are  the  Erse^  spoken  still  in  Scotland  and. 
Ireland ;  the  IVekh,  or  Cimbficj  preserved  in  the  princi* 
pality  of  Wales ;  and  the  Cetticy  properly  so  called,  of  which 
the  Low  Briton  is  a  remnant  that  has  undergone  much  ad- 
mixture.    In  the  Spanish  peninsula,  there  existed  an  /6e« 
rian  or  Cantc^ian  language,  of  which  the  Basque  presents  Basque 
to  us  some  interesting  fragments;  and  which,  while  it  ri.^*°8"*g*' 
vals  the<]!eltic  in  primitive  simplicity  of  structure,  differs 
totally  from  it  in  its  vocabulary.     In  Italy  and  Greece,  the  I^anguages, 
Pela^iaUf  Thradmiy  Ilb/rian,  EtruscaUy  and  other  lan-j^^^' 
guages,  disappeared  before  they  were  observed  by  philoso*^* 
phers.    Perhaps  the  Albaman  is  a  remnant  of  the  lUyrian. . 

From  the  wrecks  of  all  .these  ancient  tongues,  from  their 
mixture  with  the  Latin,  and  then  with  the  Germanic,  Scla^ 
vonic,  and  even  Arabic  dialects,  have  sprung  mixt  lan- 
guages ;  such  as  the  Vcdaqy  the  Italian^  the  Provengai,  the  Mixed 
Frenehy  the  English^  the  Spanish,  the  Portuguese.  languages. 

To  the  north-east  of  Europe,  we  discover  the  only  scat-  FamUy  of 
tered  remains  of  the  great  family  of  Scythico-Sarmatic  lau-Sarmadc 

guages.  language. 

It  is  the  Finnish^  together  with  the  Esthonian  and  the 
Livoniafhy  that  we  may  consider  as  the  most  distinct  class  of 
all  the  other  languages  of  the  globe,  or  at  least  of  all  those 
of  Europe.  The  Lapponic^  the  Permiaguef  with  various 
other  dialects  spoken  along  the  Uralian  Mountains,  and 
the  Wolga,  and  the  Hungarian,  originally  of  the  same 
regions,  always  exhibit  a  great  family  likeness.  But  in 
the  Lithuanian^  and  its  dialects, .  we  see  the  phenomenon  Lithuanian. 
of  a  tongue  differing  from  the  IndchGermanic  language 
in  its  radical  words,  and  which  at  the  same  time  pos- 
sesses in  its  grammar  astonishing  delicacy  of  structure,  and 
resources  unknown  to  the  other  Scythian  languages ;  and, 
i/i  truth,  an  undoubted  affinity  to  the  Greek. 

Caucasus,  situated  in  the  centre  of  the  regions  in  which. 
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Anubean 
tongues. 


Anbtc. 


Hebrew. 


Pheoieian. 


Denomi- 
nation of 
8hemitic 
languages. 


the  Indo-Gennanic  languages  prevail,  ftr  from  presenting 
to  us  the  common  source  whence  these  languages  derived 
their  origin,  interrupts  the  chiun  of  them ;  and  in  the 
Georgian^  the  Circassian^  the  Armeman^  and  some  other 
singularly  rude  and  simple  dialects,  furnishes  us  with  a 
distinct  family,  or  rather  a  distinct  group  of  languages, 
little  known,  and  unquestionably  of  great  antiquity. 

But  if  we  extend  our  view  to  Sjrria,  Mesopotamia,  Ara- 
bia,  and  Abyssinia,  the  Aramean  languages  draw  our  at* 
tention  by  the  renown  of  their  ancient  civilization,  abund- 
ance of  guttural  sounds,  vast  store  of  words,  multiplied 
inflexions  of  the  verb,  great  simplicity,  and  evcn*jioverty 
in  other  respects.  Such  appear  to  be  the  common  charac^ 
ters  of  these  tbngaes,  amongst  which  we  shall  distinguish 
the  ancient  and  modem  Arabic^  with  its  colonies ;  the  Jfo- 
resque^  current  over  all  North  Afirica  ;  the  Geez  and  Am- 
haric  dialects,  spoken  in  Abyssinia;  and  the  difl^ent 
branches  of  the  Arabic,  which  extend  along  the  eastern 
coast  of  Africa ;  the  Hebrew^  in  its  various  modificaticms 
from  the  ancient  idiom  of  Moses  to  the  CheMee^  Samari- 
tan, and  other  dialects  now  extinct,  with  the  exception  of 
the  Rabbinica  or  modem  Hebrew ;  the  PkerMmt,  of  which 
the  Punic  or  Carthaginian  is  the  most  celebrated  branch, 
and  of  which  the  low  Arabic-JIfo/^^^  preserves  perhaps 
some  remains ;  the  Striae  or  Aramean,  properly  so  called ; 
finally,  the  Chaldean,  which  diifers  from  the  Chaldaic  He- 
brew. 

As  the  roost  of  the  nations  that  speak  these  languages 
descend,  according  to  Moses,  from  Shem,  this  stock  has 
been  distinguished  under  the  general  name  of  the  ShemUie 
languages,  while  the  term  Japhetic  has  been  given  to  the 
Indo-Germanic  languages.  But,  by  admittii^  these  deno- 
minations, we  are  subjected  to  the  inconvemence  of  attri- 
buting to  the  descendants  of  Ham  all  the  other  languages) 
from  the  Celtic  to  the  Mexican  and  from  the  N^o  to  the 
Chinese,  notwithstanding  their  evident  original  difference. 

The  stock  or  family  of  the  languages  of  Eastern  Asia, 
or  of  the  Monosyllabic  languages,  diflers  entirely  from  that 
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of  the  Imk^Gennanic  languageL  It  oomprehends  the 
Tkibeiany  the  Chinue^  the  Burman^  bompoBed  of  the  dia- 
lects of  Pegu,  Ava,  and  others;  the  Siamese,  and  the 
Annamic,  in  the  diakcts  of  Cambodia,  Tonquin,  and  Co- 
chin China.  All  these  languages  are  more  or  less  deficient 
in  contrivances  for  marking  directly  the  cases,  genders,  num- 
bers, nioods,and  tenses;  those  who  speak  them  are  obliged  to 
supply  the  absence  of  grammatical  f<N:ms  and  rules  of  syn- 
tax, by  intpnations,  gestures,  and  a  sort  of  hieroglyphic 
writing. 

The  north  of  Asia  ccmtains  three  (nt  even  four  kinds  of 
languages^  infinitely  superior  to  the  monosyllabic  tongues. 
The  Tureoman^Bucharian^  and  di£Rerent  Turkish  or  Tartar  Turkish 
languages,  spoken  by  the  Tartars,  properly  so  called,  f«>«ni,u,g„3g^ 
the  Crimea  and  Casan  to  Tobolsk,  and  in  Chiwa  by  the  Ot- 
toman  Turks ;  other  tribes  are  remarkable  for  the  exactness 
of  their  grammatical  structure,  particularly  with  respect  to 
conjugations,   and  for  the  power   of  forming  compound 
words  with  as  much  facility  as  the  Greek,  the  Persian,  or 
the  Grerman.    Several  German  radical  words  occur  in  these. 
The  Mongol  language,  deficient  in  grammatical  combina^  Mongidp 
tiona,  possesses,  however,  complete  declensions;  it  abounds  ^^loogg^^ 
in  vowels  and  harmonious  sounds.    The  MarUchou  lan>- 
guage,  though  full  of  monosyllatnc  words,  possesses  a  very 
complete  and   very  varied  grammatical  structure;    and 
what  is  singular,  it  oontuns  some  Greek  and   German 
voots.     The  Korean  and  Japanese  appear  to  be  closely  re- 
lated to  the  Mongol  and  Chinese.     The  Tunguse  is  a  dia- 
lect of  the  Mantchou  ;  the  Samoyede  diffisrs  from  it.     We 
are  inclined,  however,  to  the  opinion,  that  all  the  languages 
of  Central  and  Northern  Asia,  with  which  we  are  most  fa- 
miliar, belong  to  one  family. 

The  Oceanic  countries,  from  Sumatra  to  beyond  Ota- 
h^te,  present  to  us  a  series  of  dialects  which  have  all  some 
rehition  to  the  Malay, — a  language  of  the  eastern  peninsula 
of  India.  The  same  kind  is  found  at  Madagascar,  but  in 
a  more  perfect  form,  with  a  more  methodical  grammar. 
There  are  unquestionably  some  genera!  languages  scattered 
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Tagaiic,     over  this  immense  archipelago.    The  Tagalic  and  the  Bis- 

Twiicnnc    ^^jg©  of  the  Philippine  Islands  are  found  in.  the  Mo1ug<» 

Slc        '  and  Marian  Islands ;  traces  of  them  are  discernible  io  New 

Zealand.     These  two  languages  have  some  affinity  to  the 

Mantcbou  and  Mongol.  The  Taltian  is  distributed  through 

all  the  small  islands  of  the  Great  Ocean.    More  to  the  west, 

the  Negro  tribes  of  New  Caledonia,  New  Guinea,  of  Van 

Dieman^s  Land,  and  ef  New  Holland,  speak  dialects  which 

probably  form  one  or  more  separate  stocks. 

Singular         In  the  Oceanic  countries  a  singular  custom  prevails :  the 

CU8  m.      pnQces,  on  their  accession  to  the  throne,  change  several 

words  of  the  national  language.     This  custom  obtains  in 

Africa.    The  numerous  dialects  of  the  savages  should  then 

be,  partly  at  least,  composed  of  cant  words,  created  and 

adopted  by  families,  insulated  and  obliged  to  distrust  one 

another.      This  hypothesis  has  much  probability.      The 

languages  of  Africa,  which  are  very  little  known,  have  ap- 

I^anguages  peared  innuuierable  to  some  travellers.    Others  think  that 

^Oie  Me-  ^j^jg  jg  ^j^^  ^j^iy  ^£  ^YiQ  idioms  of  the  Negroes,  properly  so 

called.  Indeed,  from  the  Senegal  to  Cape  Negro,  the  lan- 
guage spoken  varies  often  from  village  to  village.  The 
languages  of  the  Yalofs,  of  the  Voulahs,  of  the  country  of 
Dahomey,  of  the  kingdoms  of  Benin  and  Congo,  as  well  as 
that  of  inland  Nigritia,  present,  however,  the  same  comlnna- 

Brcber       ^^^^^^  of  consonants,  and  some  common  words.  In  the  north, 

language,  ^j^g  language  of  the  Brebers  or  Kabyles,  appears  to  us  as  the 
last  remains  of  tongues  formerly  spoken  along  Mount  Adas 

Coptic  and  the  Mediterranean.  The  Coptic,  a  remnant  of  the  an- 
cient Egyptian,  is  well  known.  The  researches  of  M.  Qua- 
tremere  will,  perhaps,  inform  us  .'whether  this  language  is 
connected  with  those  of  the  original  inhabitants  of  NuUa 
and  Abyssinia.  Upon  the  eastern  side,  from  Magadaxo  to 
the  country  of  the  Hottentots,  the  geographical  names  shew 

CafTre.  the  prevalence  of  the  Caffre  language,  which,  even  amongst 
the  Betjouanas,  preserves  evident  traces  of  a  strong  mixture 

Hottentots,  with  the  Arabic.  At  the  southern  extremity  of  this  part 
of  the  world,  the  Hottentots  speak  a  particular  dialect, 
full  of  clickings  and  shakings  of  the  tongue,  which  pro- 
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dace  loimdb  sttmilartothe  cries  of  birds.  Their  tongues 
areshcHTter  and  thicker  than  ours  K 
•  Could  the  different  character  and  genius  of  human  lan- 
guages have  been  the  result  of  a  hereditary  difference  in 
die'oigans  of  speech  ?  If  this  principle  were  admitted,  very 
important  conclusions  might  be  drawn  from  it.  For  ex- 
ample, the  Chinese,  the  Esquimaux,  and  the  Mexicans,  inaueace 
cannot  pronounce  the  letter  r,  they  sup[dy  its  place  by  /.  o^^oiBW" 
Are  they  all  then  of  a  common  origin  ?  But  we  must  care*  guage. 
fully  guard  against  admitting  with  too  much  confidence 
these  kinds  of  analogies,  since  they  might  grossly  mislead 
us.  For  example,  it  has  been  observed  that  the  compound 
consonant  fiift,  whidi  a  European  can  scarcely  pronounce 
at  the  beginning  of  a  word,  was  common  to  the  languages  of 
the  Negroes  and  the  Sddth  Americans.  The  observation  is 
correct,  but  we  cannot  infer  from  it  the  common  origin  of 
these  tribes,  nnce  the  confounding  of  m  and  b  occurs  in  the 
iBolian  dialect  of®  die  ancient  Greeks,  who,  undoubtedly, 
are  descended  neither  from  Peruvians  nor  Negroes.  There 
are,  in  Norway,  whole  families  who  commence  every 
word  by  the  *  consonants  ngy  so  common  in  the  dialect 
of  the  Negroes  of  Angola.  B  is  confounded  with  w  by 
the  Greeks,  the  Gascons,'  and  the  Russians.  The  gut- 
tural sounds  of  the  Arabians  are  to  be  found  in  the  Grer- 
man-,  a  language  of  a  different  stock.  These  examples 
show  the  great  difficulty  of  ascertaining  how  much,  in  such 
singular  anomalies,  should  be  referred  to  physical  and 
unvarying  causes,  and  how  much  arises  from  the  influence 
of  mere  caprice. 

The  American  languages  are  scarcely  better  known  than  Americtn 
those  of  Africa.     Humboldt  thinks  that  there  are  in  that  ^""awj^ 
quarter  of  the  world  a  very  great  number  of  languages  in- 
dependent of  one  another.   What  increases  their  number  is 

**  Lichtenstein,  dans  les  Archives  ethnographiques,  par  Vater  et  Bertuch,  i. 
849,  iqq- 

•  BmffUTH  for  Bm^Catti  Mixx«r  for  Btkkm  '  tho  Latia  Meo,  from  the 
Greek,  Btt,  dec. 
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the  cnttom  adopted  hy  evetj  new  dyanty  at  iBiradncn^  a 

Toultecandnew   language.      Thus,  the  Tomttwcj  the  HumMteCy  and 

Aztec  Ian.  ^^  AsstBc  laDciiaaea  lunre  been  sucoasKvely  ourreDt  m 

Mexioo.   These  honguages,  in  which  a  laboriooB  Mafeh  hat 

been  made  for  some  slight  alhiitiea  to  the  MongoKe  dialect, 

arc  eatremdy  conpticated  both  in  their  etymology  aad  dneir 

syntax. 

Iroquois,        The  CherdkUy  Iroqutds,  and  JIgongumy  or  Huron,  ap. 

AJgoDqum,  pg^  1^  i^  ^^  ^g^i  widely  extended  of  tboee  that  aie  spakitm 

factwecii  Hudaon^s  Bay  and  theGidf  of  Menar.  they  arepoor 
and  jAaixtL  The  Eaqmrnamar  or  Greenland  toague,  whids  is 
enrrent  over  all  the  polar  re^ooy  jMcsentaan  odd  faatastir 
■tmctnre,  from  the  joining  together  of  many  mmpfe  wvids 
and  CYen  parts  of  dkcoorae  in  one  single  woidof  immodetnlc 

Caribbee.  lei^tk  InSouth  America,  the  CiiriUecoT  GoIiUhrr,  a  Bono- 
sous  language,  preraila  to  the  north  of  dieiirer  of  the  Amn- 
aons^  as  it  did  formerly  in  the  littk  Antillea.  Sevoml  aneioit 
famguages,  regular  in  their  composition,  have  diaappeaccd 
in  New  Grenada,  Quito,  and  Peru  ;  Init  the  fine  hmguage 

Language   iBTeatedby  die  Yncas,  the  QuiAuOy  rcmakia  in  gencsal 


^    ^    °'  eren  amongst  the  Spaniards.    The  Qumrran  hmguage  is  ao 


Guaimu  prevalent  in  Braail  and  Fkraguay,  that  the  Spaaimrda  and 
Vorttq^uese,  erven  in  several  of  the  towns,  apeak  no  othcs. 
Biflbient  dialects,  httie  known,  exist  in  Chili  and  in  l^a- 
tagoma.  The  PechevaiB,  in  Terra  del  Fuego^  have  atdia- 
lect  peculiar  to  themselves. 

These  are  the  princi^)al  languages  spdcen  by  the  hmncm 
race.  How  wide  tlm  distance  in  this  scale  between  the  di». 
lect  of  tl\e  Negro  and  the  Chinese,  who  scarcely  dtstn^aiah 
the  sii^lar  from  the  plural,  to  the  Greek  language,  in 
which  the  most  tender  and  the  most  profound  thoughts  can 
be  fully  developed^  and  permanently  fixed  }  There  are  laib. 
guagea  which  have  no  expression,  foe  objects  which  9Ee  not 
perceived  by  the  external  senses,  such  as  the  soul,  or  God. 
There  are  some  which  have  no  term  equivalent  to  the  verb 
to  bCy  or  the  substantive  world.  But  if  metaphysical  know- 
ledge appears  to  be  denied  to  the  great  nngority  eX  the  hu- 
man race,  all  nations,  even  the  most  savage,  believe  in  the 
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cKiflleBce  eS  some  uiYinble  beings  possenied  of  power  supe* 

rior  to  man.     The  various  manners  in  which  nations  maaL- 

£s$t  tlH»  sentiment,  ooastitmtt  so  many  differeni  religuma — Religion 

the  extemal  acts  which  are  the  result  of  such  reKgiou^  be^^^^  ^on^P* 

hiefy  fena  modes  of  toorMp. 

The  name  ol  Pofyiheiswi  is  giyen  to  every  system  of 
rriigioQ  which  admits  the  existence  of  several  gods,  what- 
evet  be  the  nature  and  dignity  wbidi  it  assigns  to  tbem. 
OS  this  tb««  are  several  binds.  The  grotsBest  of  all  is  Fetidium. 
JPitiahism^  or  the  adonitioa  of  Fetieh«  By  FetiobeS 
ie  understood  all  sorts  of  amroated  or  inanimate  sub. 
stances,  which  the  priests  fitf"  these  religions  hold  out  to.  the 
savages  as  bemgs  that  are  enchanted  or  endowed  wtlh  some 
ssagkal  and  divine  power.  These  absurd  superstitions  pro- 
ved amongst  the  ignorant  nations  of  the  coast  of  Guiiiea, 
and  amongst  a  great  many  other  savages.  They  are  blend- 
ed with  a  variety  of  other  religions.  The  Oa  Jpia,  the 
iltjg  AmMs^  were  perhaps  the  Fetiches  of  the  Egyptians  *. 
Vhe  black  stone  worshipped  at  Mecca  before  Mahomet, 
and  the  god  Phattus^  of  the  Kemans,  were  undoubtedly  of 
the  same  number. 

8abei&m  holds  a  more  elevated  rank,  that  is  to  say,  tbeSabeanfe 
worship  of  the  heavenly  bodies,  the  sun,  the  moon,  and  the 
stars  either  separately,  or  aitc^etber.  This  very  ancient 
system,  ^read  over  the  whole  extent  of  the  globe,  ie  blend- 
^  with  a\l  the  other  systems  of  superstition.  But  it  no 
linger  exists  entirely  pure,  except  amongst  some  insulated 
tribes.  It  has  its  name  ft om  the  Sabeans,  or  Sabians,  an 
ancient  people  of  Arabia. 

Three  hypotheses  have  been  formed  as  to  the  nature  of 
the  universe;  maieriiMsm,  or  pantheism,  irinch  supposes  Pantheism, 
that  every  thing  which  exists  is  penetrated  with  a  divine  P^*^* 
spirit ;  duaUsm,  which  admits  the  existence  of  two  eternal  be- 
ings, God  and  matter,  or  the  good  and  bad  principle ;  and 
fhe  system  of  the  EmamdiSy  which  represents  all  beings, 

*  A  word  which  comes  from  the  Portuegucsc  word  Fetluo, 

•  Bebxoises  du  Culte  deft  IMeux  Fetiches,  ou  pstndeUe  de  rancteniM  religion 

d'Egypte,  &c.  1760. 
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the  good  and  the  bad  sjArita,  as  baviog  emanated  fipom  a 
supreme  God  ^ 

Pantheism,  modified  by  the  institutioiis  of  particular  na- 
tions, and  blending  itself  with  Sabeism,  became  syrtematic. 
Polytheism,  or  mythological  Polytheism,    Under  this  name  may  be 
classed  all  tbose  schemes  of  religious  belief,  in  which  the 
attributes  of  the  Deity  are  personified  as  separate  divine 
beings.  •   These  systems  then,  are  barbarous  and  irradonal. 
They  are,  however,  well  suited  for  poetry  and  the  fine  arts, 
and  have  been 'received  amongst  the  most  civiliased  nations 
of  antiquity.  They  are  of  several  kinds,  very  di&rent  from 
eadh  otfaar,  but  reducible  to  three  classes.     The  most  gross 
-E^aj^^axi    ^  ^®  reli^on  of  the  EgyptianSy  in  which  the  attributes  of 
Poijriheism,  the  divinity  were  represented  under  the  figure  of  animals, 
^iwn?™*^'^'  which  may  perhaps  account  for  thar  hieroglyphic  writing. 
This  may  be  termed  zoomorphism.    In  the  religicm  of  the 
Greeks  and  Romans,  human  nature,  exalted  however,  and 
embellished,  served  as  a  model  for  divers  personifications  of 
the  Deity.     This  then,  was  anthropomorphism^  which  was 
varied  to  infinity.     The  worship  of  national  heroes  modi- 
GrecianFo-fied  the  polytheism  of  the  Greeks  and  Romans.     Venera-i 
J^Qi^^^'^^tion  for  thedead,  a  very  natural  sentiment,  mingled  with 
phitm.        ^\  religions ;  but  of  some  it  appears  to  have  focmed  the 
chief  part.     This  was  the  case  with  the  Celis^  whom,  for 
other  reasons,  we  number  with  the  Pd^ythejbts.     Amongst 
other  nations,  such  as  the  Syrians,  the  Chaldeans,  and  the 
Phenicians,  the  worship  of  the  stars  and  the  physical  ener- 
gies of  the  earth,  appear  to  have  predominated. 
Polytheism      In  the  religion  of  the  Bramins^  the  Supreme  Being  is 
mins^or"^  Supposed  to  be  disguised  under  different  forms,  divine,  hu- 
Theomor-    man,  and  animal     We  think  that  this  beUef  might  be  con- 
'^  '        sidered  as  the  source  of  aU  the  others,  even  of  Fetichism  ;. 
but  it  might  be  equally  asserted  that  the  religion  of  the 
Bramins  is  merely  ennobled  Fetichism.     Theomorphismy 
the  reUgion  of  the  Hindoos,  is  the  best  supported  of  all  the 
ancient  systems  of  wgrship;    it  still  exists.    'Two  of  its 

'  Cttdworth,  Intdlect.  Systemi  cbtp.  i.  iii.    Dupuif ,  origine  des  Cultei. 
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branches  prevail  in  the  Nortb  and  East  of  Asia.  The  one 
is  Schamanism^  the  head  of  which  is  the  Dalai  LamOy  a  Schama- 
priest  who  is  supposed  never  to  die.  This  religion,  mixed  ^ 
with  Fetichism,  is  spread  over  Tartary,  Mongolia,  •  and 
Siberia ;  the  other  branch  is  Buddmn,  or  the  Braminic  sys-^< 
tern  reformed  by  Budda,  named  also  Somonocodom :  It  is 
established  amongst  the  Bramins  in  Siam  and  in  Ceylon. 
The  ancient  religion  of  Japan  is  a  kind  of  Schamanism, 
from  whence  has  arisen  the  religion  of  Foy  which  is  that  g£ 
the  multitude  in  China,  and  which  is  only  a  degenerate 
branch  of  that  of  Budda ;  the  priests  are  called  Bonzes. 

Tl)e  system  of  two  opposite  principles,  and  that  of  ema- 
nations, must  naturally  run  into  each  other,  whenever  the 
Dualists  grant  the  least  superiority  to  one  of  their  princt* 
pies,  or  the  Emanists  admit  the  possibility  of  a  revolt  against 
the  Supreme  Being.    This  is  the  reason  why  the  religions 
derived  from  these  two  sources  are  scarcely  distinguished 
from  each  other*    They  belong  altogether  to  Monotheism,  Mondtha. 
if  we  agree  to  apply  that  name  tp  every  reli^on  which  re-"™* 
cognizes  only  one  true  God,  whatever  may  be  the  crowd  of 
spirits,  fairies,  angels,  and  devils,  which  surround  him. 
There  are  three  ancient  reli^ous  systems  which  have  for 
their  basis  a  dualism  more  or  less  avowed.    The  first  is  the 
religion  of  the  Magi,  or  of  Zoroaster,  denominated  also  BeUgion  of 
MithrifUic  worship.  There  is  a  Supreme  Being,  from  whom    *    **** 
emanated  two  principles,  the  one  good,  Oromastese,  the  other 
bad,  Arimanes— they  fight  with  each  other ;  but  the  good 
will  finally  obtain  a  complete  victory.     This  belief,  which 
has  been  disfigured  by  the  Greek  historians  s,  is  still  preserv*- 
ed  amongst  the  Parses,  or  Guebres  in  Hindostan. 

The  ancient  religion  of  the  Sclavonian  nations  is  less  Religion  of 
known.  Biel-bog,  the  white  god,  and  Czemo-bog,  the  black  j^.  *^^ 
god,  appear  in  it  as  two  antagonist  powers.  Some  authentic 
records  give  us  an  idea  of  Odinism,  which  prevailed  in  Scan-  Odisim. 
dinavia ;  Odin,  the  chief  of  the  good  gods ;  Surtur,  the  prm- 
ciple  of  physical  evil,  the  destroyer  of  the  world  ;  Lok,  the 

I  See  the  article  Petaia* 
VOL.  I.  S  F 
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principle  of  moral  evil,  and  all  the  other  gods,^  are  in  a  state 
of  dependence  upon  Alfader,  or  the  universal  Father  ^. 

Through  so  many  ingenious  errors,  or  fanciful  and  ab- 
surd dreams,  celestial  truth  was  opening  up  in  silence  the 
right  path.    An  obscure  and  inconsiderable  nation  acknow- 
ledged the  absolute  unity  of  the  divinity  as  the  basis  of 
Judaipm*    thi^  religious  faith.     Judaism^  some  of  whose  rites  and 
ceremonies  resemble  those  of  the  Persian  Magi,  and  of 
the  Egyptian  Priests,  is  now  divided  into  two  princi- 
pal sects-*namely,  that  of  the  Karaites,  who  acknowledge 
as  divine  only  the  books  of  the  Old  Testament ;  and  that 
of  the  Rabbinists,  who  attribute  an  authority  almost  di- 
vine to  the  collection  known  under  the  name  of  the  Tal- 
mud. 
Chfudani-      Christiwfiitf/,  for  the  introduction  of  which  the  Jewish 
^^'  scriptures  and  the  Jewish  polity  paved  the  way,  sprung 

up  in  the  bosom  of  Judaism,  and  although  in  consequence 
pf  corrupting  its  pure  doctrines,  by  mingling  with  them  the 
principles  of  the  Platonic  philosophy,  and  encumbering  its 
few  and  simple  rites  by  the  inventions  of  human  fancy,  it 
became  soon  divided  into  an  infinity  of  sects  and  systems,  it 
now  sheds  its.  benignant  and  liberal  influence  over  the  most 
civilized  countries,  and  in  all  quarters  of  the  world  K 
Gveeic  The  Greek  or  Eastern  Church,  which  was  most  orthodox 

^^  in  the  fifth  and  sixth  centuries,  is  tolerated  in  Turkey, 
countenanced  in  Hungary,  Sclavonia,  Dalmatia,  and  es- 
tablished by  law  in  Russia.  Amongst  its  various  branches, 
we  may  distinguish  the  NeHoricms  in  Tui^ey  in  Asia,  who 
at  one  time  were  very  numerous  in  Tartary,  in  Mongolia, 
and  even  in  China ;  and  the  MonophysiUSj  who  compre- 
hend the  Copts  in  Egypt,  and  the  Armenians  and  Jacobites 
in  Abysrinia. 
Latin  The  Latin  or  Western  Church  is  divided  into  two  cnreat 

church.  .  o 

parties. 

>>  See  A«  article  ScandBnavia. 

*  Brerewood,  lUchercbes  sur  la  diversity  dca  languei  et  d<»  xdigions,  trad> 
de  raii^Iaia  par  La  Montagne.     Faria,  1640. 
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The  CiUholiCf  Apostolic,  or  Romish  Church,  compre- CathoU- 
hends  within  its  pale  the  greater  part  of  France,  Italy,  ^^i'"'* 
Spain,  Portugal,  Austria,  the  extensive  Spanish  and  Por* 
tuguese  Colonies  in  America,  Africa,  and  Asia,  and  three- 
fourths  of  the  population  of  Ireland.  The  Pope  is  the  spi« 
ritual  head.  The  Gallican  Church  is  distinguished  by  pri- 
vileges peculiar  to  itself,  which  oppose  an  invincible  barrier 
to  the  usurpations  of  the  Pope.  The  United  Greeks,  who 
forsook  the  communion  of  the  Oriental  Greek  Church,  form 
an  inconsiderable  appendage  to  the  Catholic  Church. 

The  Protestant  Churches  are  divided  into  three  branch-  PfotMtant- 
es !  Lutheranismf  or  the  Evangelical  Church,  is  supported  ^>n^ 
by  the  state  in  England,  Prussia,  Saxony,  Hanover,  Den- 
mark, Norway,  Sweden,  and  Livonia ;  Calvinism^  or  the  re- 
formed Church,  is  most  prevalent  in  Switzerland,  in  some 
countries  of  Germany,  and  in  Holland;  it  is  the  established 
religion  in  Scotland,  under  the  name  of  the  Presbyterian 
Church.     We  may  identify  with  the  reformed  church,  the 
Independents,  or  CongregationaUsts,  who  are  so  numerous 
in  the  United  States  that  they  have  more  than  1000  con« 
gregations.     The  English,  or  Episcopal  Church,  is  distin- 
guished  from  the  other  Protestant  denominations  mere- 
ly by  its  maintaining  the  order  of  the  episcopal  hierarchy. 
It  is  the  established  religion  in  England ;  and  in  Ireland, 
although  the  faith  of  the  minority,  it  is  upheld  by  the 
strong  hand  of  power.     Without  advocating  any  system  of 
intolerance,  or  wishing  to  insult  men  entitled  to  respect,'  we 
shall  here  ^ve  the  name  of  sect  to  every  reii^ous  party 
who  have  not  become  in  any  place  sufficiently  numerous  to 
have  their  tenets  embraced  and  patronized  by  the  state. 
The  principal  Christian  sects  are :  The  Unitarians^  Socini- 
unSy  or  AniitrinitarianSy  whose  opinions  are  protected  in 
Transylvania  and  in  Russian  Poland:  a  very  great  number 
of  Catholics,  of  Lutherans,  and  Calvinists,  are  secretly  at- 
tached to  this  system ; — ^the  JrminianSj  or  Remonstrants,  a 
party  which  sprung  up  in  Holland,  and  who  differ  from  the 
Calvinists  in  Uie  opinions  which  they  hold  concerning  the 
doctrines  commonly  called  the  five  points;-— the  Mmno^ 
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nUeSy  at  first  known  by  the  name  of  Anabaptists,  and  dis- 
graced on  account  of  their  fanaticismal  excesses,  but  now 
the  most  peaceable  of  all  the  sects ;— >the  Baptisis,  a  numer- 
ous party  in  America,  where  they  occupy  868  churches. 
They  resemble  the  Anabaptists,  and  may  be  termed  modern 
Anabaptists ; — the  United  Moravian  Brethren,  or  Hern- 
butters,  a  sort  of  monastic  institution,  who,  in  other  respects 
adopt  the  tenets  of  Lutheranism,  and  who  carry  together 
the  blessings  of  religion  and  the  useful  arts  into  the. remot- 
est and  most  savage  tribes  ;-^the  Quakers,  or  Tremblers^ 
benevolent  enthusiasts,  numerous  both  in  America  and 
England ;— the  Shakers,  the  Dunkers,  and  other  assodi^ 
tions  similar  to  the  Quakers  ;•— the  Swedenborgians,  ox 
followers  of  the  Baron  Swedenborg,  a  sect  of  mystics  to  be 
met  with  in  Sweden  and  England ;— lastly,  the  Methodists, 
who  are  distinguished  by  an  extreme  method  or  strictness  in 
florals,  are  ve^y  numerous  in  England,  and  still  more  so  in 
the  United  .States.  Christianity,  besides  all  the  enemies 
which  have  sprung  from  its  bosom,  has  s^n  arise  close  by 
its  side  a  rival  at  first  dangerous,  and  still  troublesome,  in 

Mahomet.  Mahometism,  or,  according  to  the  manner  in  which  Maho- 
metans themselves  speak  of  it,  Islamism^  that  is  the  Ortho- 
dox church.  This  religion  is  merely  a  confused  mixture  of 
Judabm  and  Christianity,  with  some  poetical  ornaments. 
The  Mahonietan  crjeed  prevails  in  the  greater  part  of  Asia 
and  Africa,  as  well  as  in  Turkey  in  Europe,  and  it  is 
tolerated  in  Russia.     Mahometism  comprehends  several 

^uDoitas.  sects.  The  Sunnites,  although  divided  with  regard  to 
discipline  into  four  parties,  agree  in  reckoning  the  book  of 
traditions,  or  the  Sunna,  in  the  number  of  their  sacred  writ- 
ings, and  in  considering  Omar  and  his  successors  as  the 
le^timate  Califs.  This  party  i$  the  most  numerous :  the 
Turks  belong  to  it. 

fiktiites.  The  name  of  Schutes  means  Separatists.     The  Sunnites 

give  it  to  all  tho;^  who  difier  from  them ;  they  reckon  six 
classes,  each  split  into  twelve  subdivisions,  which  make  7^ 
heretical  sects ;  for  the  Turks  have  thought,  like  Bossuet, 
|b4t  the  multiplicity  of  heretics  furnishes  a  plausible  objec^ 
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tion  to  their  doctrines.  But  in  truth,  there  is  onlj  one 
Gonsdderable  party  amongst  the  Schiites,  that  of  the  follow- 
ers of  All,  who  reject  the  Sunna ;  their  creed  is  dominant 
in  Persia. 

It  is  diflSeult  to  speak  with  precision  as  to  the  number  of 
followers  belon^ng  to  each  religion  actually  existing  in  the 
world-^a  misplaced  zeal  leads  the  different  parties  to  ex- 
aggerate their  numbers,  as  if  there  were  no  truth  in  Seneca^s  Number  erf 
observation,  that  a  great  majority  often  indicates  a  bad^^^"*^ 
caused     Infidel  writers  in  particular,  have  thought  they Ugion. 
were  rendering  an  important  service  to  their  cause,  by  ridi- 
culously  exaggerating  the  numbers  of  Mahometans  and 
Pagans,  not  considering  that  truth  will  be  always  truth, 
whether  it  be  believed  by  many  or  by  few. 

The  following  numbers  may  be  regarded  as  nearly  ap« 
proaching  the  truth : 

The  Greek  Churchy 70 

The  Protegtant  Churches  {«• 42 

Total  o£  Chriitians.      .        .        .    238  millioog. 

Judteitm, 4  to     5 

Mahomeiitm, 100      110 

Braminitnt^  60 

Sdumumiifn^  or  the  religion  of  Dalai  Ijama,      •        •        .      50  * 
Budditm^  compnong  the  religion  of  Fo,  &c.      •        •        .100 
FetitMtm,  and  various  other  beliefii^  .        •        •        .100 

Languages  and  reli^ous  creeds  are  the  ties  of  moral 
society y  which  often  survive  the  fall  of  civil  and  political 
society  ;  but  it  is  the  latter  which  determines  the  bounda- 
ries of  states  and  empires,  which  it  is  the  province  of  poli- 
tical geography  to  describe.  We  must  then  take  a  general 
view  of  the  varied  forms  of  this  society. 

The  ties  which  unite  husband  and  wife,  parents  andlXnncstic 

^^  1111  iM  iiiji 

children,  formed  the  family  or  domestic  society.     The  re-*^*"*^' 

lation  of  master  and  servant  had  its  ori^n  when  society 

k  Aigumentam  peifiiiil,  turbft. 
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was  in  this  state.  The  weak  not  being  able  to  assert  thdr 
rights,  or  procure  the  means  of  subastence,  must  have  soon 
resolved  to  claim  the  protection  of  the  strong.  Those  fa- 
milies that  happened  to  live  in  the  same  neighbourhood, 
would,  after  quarreling  for  a  while,  at  last  agree  to  live  in 
harmony  together.  Certain  rules  would  be  established 
amongst  them,  not  yet  to  be  considered  as  laws,  but  as 
customs.  The  union  of  these  families  did  not  form  a  state, 
but  only  a  civil  society.  These  small  societies  must  soon 
have  perceived  that  their  customs  and  observances  required 
to  be  fixed,  and  to  be  invested  with  the  character  of  laws. 
Men  of  superior  natural  capacity  became  the  unlettered 
law^vers  of  these  hamlets  or  villages.  As  soon  as  the  va- 
rious relations  in  which  men  stood  to  each  other  were  fixed 
by  laws,  political  society  commenced. 

But  this  was  a  society  without  government,  and  soon  be- 
came a  prey  to  the  evils  of  anarchy.  Experience  of  these 
evils  taught  men  that  a  physical  force  is  indispensably  re^ 
quisite  to  support  the  laws,  which  of  themselves  have  a  force 
purely  moral.  A  government  is  thus  established  under 
some  form  or  other.  The  convention  which  fixes  the  ori. 
ginal  laws  of  civil  society,  is  called  the  social  compact ; 
that  which  fixes  the  existence  of  the  form  of  a  government, 
and  adjusts  the  circumstances  connected  with  it,  is  called 
the  constitution.  By  this  last  convention,  civil  society  is 
constituted  a  state,  or,  if  the  term  is  more  agreeable,  a  re« 
public  i  for  this  last  word,  derived  from  the  Latin,  origin 
nally  signifies  every  dvil  society  having  a  government  and 
laws,  without  reference  to  the  form. 

A  government  is  the  union  of  physical  force  established 
by  the  will  of  civil  society  to  maintain  the  laws  and  the 
constitution.  The  force  of  the  government,  regulated  by 
the  established  laws,  is  called  the  supreme  power.  The 
supreme  power  may  be  divided  into  different  branches,  as, 
for  example,  the  legislative  power,  subdivisible  into  the  pro- 
posing, the  deliberating,  and  the  decerning  power ;  the  ex- 
ecutive  power  subdivisible  into  the  administrative,  the  ju- 
dicial, the  military,  and  the  power  of  ^preme  inspection. 
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These  diviidons  are  pardy  arbitrary.  The  manner  in  which 
the  supreme  power  is  organised,  subdivided,  and  concen-> 
trated,  is  called  the  form  of  government.  The  supreme 
power  represents  the  national  sovereignty,  which  is  nothing 
but  the  supreme  power  not  organised,  existing  in  the  hands 
of  a  civil  society  without  government. 

Forms  of  government  are  innumerable;  but  we  shall  Forms  of 
point  out  those  most  generally  known,  by  advancing  from  ^^^" 
the  state  of  the  greatest  physical  dissemination  of  powers, 
to  that  of  their  greatest  concentration.    These  two  extremes 
approach  each  other  more  nearly  than  is  imagined. 

Pure  democracy  exists  in  that  state  in  which  the  supreme  Bemoctac/* 
power  is  inunediately  exercised  by  the  majority  of  the  na- 
tion :  this  form  of  government  differs  from  the  state  of 
primitive  dvil  society,  in  which  all  equally  rule.  Commis- 
sorial  democracy  is  a  state  in  which  the  supreme  power  is 
exercised  by  a  council  immediately  chosen  from  the  people, 
revocable,  and  responsible.  Such  functionaries  are  not 
then  the  representatives  of  the  nation,  but  merely  its  proxies 
and  commissioners.  We  term  a  representative  democracy 
that  state  in  which  the  supreme  power  is  exercised  by  ma- 
gistrates, chosen  by  the  people,  who  represent  them^  and 
who,  consequently,  taken  collectively,  are  sovereign  and  not 
responsible.  This  form  is  subdivided  into  a  pure  represen- 
tative democracy,  when  the  people  themselves  directly 
choose  their  representatives — and  into  a  representative  elec- 
toral democracy,  where  the  people  chuse  electoral  bodies, 
who  again  elect  the  representatives. 

Elective  aristocracy  resembles  representative  democracy:  ^xigtoeni* 
It  is  when  the  people,  either  mediately  or  intermediately,^* 
choose  their  magistrates,  not  indifferentiy  from  among  the 
citizens,  but  from  a  certain  class  determined  by  law. 
Elective  aristocracy  is  pure  or  free,  when  the  people  have 
created  the  privileged  class,  or  the  aristocractic  body,-»when 
admission  into  that  body  is  open  to  all  citizens,-— when  the 
members  of  this  body  are  amenable  to  the  supreme  power 
in  the  hands  of  the  people.  Simple  or  pure  aristocracy  is^ 
when  the  people  have  chosen  once  for  aD,  as  their  pleni- 
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potentiary  representatives,  a  body  which  governs,  and  whidi 
is  renewed  without  the  concurrence  of  the  people.  Every' 
form  of  government,  compounded  of  those  which  we  have 
just  named,  is  called  an  aristo-democracy.  When  ibe 
anstocratic  party  seem  predominant,  we  have  a  temperate 
aristocracy,  when  the  democratical,  we  have  a  temperate 
democracy.  Rome,  after  the  expulsion  of  the  Tarquins, 
was  an  hereditary  oligarchical  aristocracy,  which  gradually 
changed  into  an  aristo-democracy,  composed  of  all  the 
other  kinds.  The  Patricians  were  the  hereditary  aristocra- 
tic body ;  the  senate  an  elective  free  aristocracy ;  the  as- 
semblies of  the  people  represented  the  democracy. 
Democntic  A  democratic  monarchy  is  a  democracy  in  which  the  su- 
mooarcby.  preme  power  is  partly  exercised  by  an  individual  and  part- 
ly by  a  democratic  body.  As  the  supreme  power  may  be 
variously  divided,  it  is  impossible  to  ascertain  the  number 
of  the  diiferent  kinds  of  democratical  monarchies.  It  may 
be  hereditary,  when  the  nation  has  chosen  a  certain  family, 
or  elective,  when  at  each  vacancy  a  monarch  is  chosen.  The 
right  of  election  may  be  vested  in  the  people,  in  an  electoral 
body,  in  a  single  elector.  These  variations  are  conmion  to 
other  kinds  of  monarchy.  The  legislative  power  may  be 
divided  between  the  commisssioners  of  the  people  and  the 
monarch,  or  it  may  belong  to  the  former  only.  The  judi- 
cial and  military  powers  may  be  dependent  upon  the  mo- 
narch, or  upon  the  body  of  the  nation.  The  democratic . 
body  itself  may  be  chosen  without  or  with  the  concurrence 
of  the  monarch. 
ArutoentU  Aristocratical  monarchy  is  a  state  in  which  the  supreme 
«hy.™""*''  power  is  jointly  shared  by  the  monarch  and  the  aristoracy. 
This  latter  body  may  be  a  free  elective  aristocracy,  when 
an  assembly  of  representatives  chosen  by  the  people  from 
the  council  of  the  n^pnarch ;  an  elective  hereditary  aristo- 
cracy chosen  by  the  people,  or  by  the  monarch,  or  by  both 
conjointly ;  or  lastly,  a  pure  and  perpetual  aristocracy,  inde- 
pendent alike  of  the  people  and  the  sovereign.  Such  were 
the  nobility  in  the  most  European  states  before  the  pre- 
sent epoch.     The  aristo-democratic  monarchy  is  a  govern- 
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ment  composed  of  a  monarchy  of  an  aristocratic  body,  and 
of  a  democratic  body.  By  a  mixed  government  is  generally 
understood  a  monarchy  of  this  description.  The  different 
combinations  of  this  form  are  so  multiplied  that  it  is  im- 
possible to  class  them. 

A  pure  or  absolute  monarchy  is  a  state  in  which  the  su- Abmlute  . 
preme  power  is  entirely  confided  to  one  individual,  or,  in  ^"**"^^* 
other  words,  a  state  in  which  the  majority  of  the  nation  is 
represented  by  a  single  individual.  Absolute  monarchy 
differs  from  despotism  in  this,  that  the  monarch  holds  his 
power  of  the  nation,  either  by  expressed  or  by  tacit  consent ; 
the  despot,  on  the  contrary,  pretends  to  hold  his  power 
from  God,  and  from  his  own  sword.  The  dictatorship  was 
a  kind  of  absolute  monarchy,  elective  and  temporary,  in  the 
Boman  republic. 

The  word  anarchy  literally  means  the  absence  of  a  go-  Anaichy. 
Ternment.  Taking  the  word  government  in  its  true  and 
literal  signification,  it  is  evident  that  anarchy  may  arise  in 
two  ways :  1st,  from  the  non-existence  of  any  supreme 
power  in  civil  society ;  Sd,  from  the  prepondei^ance  of  uncoil 
stitutional  power,  exercised  in  an  arbitrary  manner  and 
without  the  form  of  a  government.  Anarchy  may  be  mo- 
dified in  a  thousand  ways.  The  following  are  the  forms  of 
it  which  appear  to  be  most  worthy  of  being  defined. 

Ochlocracy,  or  popular  anarchy,  takes  place  when  a  mobOchlocnef. 
or  a  multitude  unlawfully  usurp  a  supreme  power.     Acm 
cording  to  this  definition,  even  the  majority,  when  they  are 
not  legally  constituted  sovereign,  can  exercise  only  anar-« 
chical  power.     Oligarchy  occurs  when  a  small  number  of  Oligudiy. 
individuals  or  families  exercise  the  supreme  power  without 
having  been  chosen  by  the  constitutional  sovereign.  It  dif- 
fers then  from  pure  aristocracy.     Demagogy  is  when  oneDemago- 
or  several  individuals,  without  legal  appointment,  lead  and  ^' 
manage  the  people  at  th^r  will,  actually  exercising  the 
power  which  they  seem  to  leave  in  the  hands  of  the  multi- 
tude.     The  word  tyrant  signified  originally  chief  or  mo^ 
narch.     Virgil  employs  it  more  than  once  in  this  honour* 
able  sense,  but  it  was  afterwards  limited,  to  denote  him  who, 
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in  a  ]:epublic,  had  usurped  the  power  of  an  absolute  mo- 
narch. This  is  the  ordinary  sense  of  the  term  in  the  Greek 
and  Roman  authors.  The  modems  use  the  term  to  express 
violent  and  cruel  abuses  of  authority  in  all  kinds  of  goyem- 
ment 

Ilespotism  has  been  confounded,  sometimes  with  tyranny, 
sometimes  with  absolute  monarchy.  Despotism  is  absolute 
power,  which  is  not  derived  from  a  lawful  source,  and  which 
consequently  acknowledges  no  limits.  The  despot  pretends 
to  be  master  of  his  country  and  of  his  subjects,  just  as  a 
private  person  is  proprietor  of  his  estate  or  his  cattle.  Des- 
potism is  not  necessarily  tjrrannical,  or  cruel  and  violent- 
it  is  not  absolutely  incompatible  with  some  administrative 
forms,  and  some  institutions  which  properly  belong  to  regu- 
lar States,  or  even  to  Republics. 

It  would  be  improper  to  class  with  these  forms  of  govern- 
ment, or  of  anarchy,  created  by  man,  the  singular  state  term- 
Thwcncf*  ed  theocracy.     <<  It  i8,^.say  the  Theologians,  ^*  a  govern- 
^  ment  instituted  by  Grod  himself,  and  in  which  the  mag^ 
*<  trates  govern  in  die  name  of  God.""  Such  was  the  consti- 
tution of  the  Jewish  people — with  them  theocracy  was  unit- 
ed first  to  democracy,  and  then  to  monarchy.     The  popes, 
in  the  dark  and  middle  ages,  attempted  to  establish  a  theo- 
cracy upon  a  great  scale. 
Fcdenlffs      We  have  still  to  notice  the  federal  systems,  which  are  the 
^""^  unions  of  several  independent  States,  under  a  superior  au- 

thority chosen  by  themselves,  and  which  are  invested  with 
powers  more  or  less  extensive,  to  maintain  mutual  order, 
and  to  furnish  the  means  of  defence  against  external  ene- 
mies. We  may  term  a  confederation,  of  which  all  the  con- 
stituent members  are  on  a  footing  of  equality,  a  democracy 
of  States :  Such  is  that  of  America.  There  have  been,  how- 
ever, confederations  with  a  chief  or  presiding  power :  The 
late  Germanic  empire  was  of  this  nature.  Confederations 
sometimes  have  subjects  in  common :  The  Swiss  had  se- 
veral districts  in  this  manner. 

I^olitical  geography  considers  in  societies  of  men,  besides 
the  general  tie,  or  the  form  of  government,  the  particular 
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ties  which  bind  individuals  to  society,  and  which  result 
from  the  station  as»gned  to  these  individuals,  or  from  their 
division  into  classes  and  orders. 

In  the  most  savage  state,  insulated  man  procures  directly  Ongin  of 
for  himself  the  little  which  is  necessary  to  supply  his  wants  J*j^|J^ 
or  to  gratify  his  wishes.  As  soon  as  families  begin  to  draw 
near  each  other,  they  unite  together  for  accompUshing  their 
common  labours ;  but  when  the  number  of  families  aug- 
ments, the  society,  becoming  larger  and  more  powerful,  has 
recourse  to  the  diviaon  of  labour.  The  different  products 
of  each  branch  of  industry  are  then  reciprocally  changed. 
These  exchanges  being  not  without  inconvenience,  means 
are  sought  for  to  give  them  facility  and  dispatch.  Some 
measure,  to  ascertmn  the  comparative  values  of  the  different 
commodities,  is  adopted,  either  some  article  in  general  re- 
quest, as  corn  or  cattle,  or  some  reputed  precious  substance, 
such  as^gold  and  silver.  This  token  becomes  money :  the 
productions  become  merchandize;  and  instead  of  bding 
bartered,  they  are  purchased.  Some  sagacious  observers 
now  perceive  that  gain  is  to  be  got  by  buying  and  selling ; 
they  become  intermediate  agents  between  the  consumers  of 
produce  and  those  who  raise  or  work  it ;  and  here  commence 
the  first  rude  attempts  of  commerce.  Ere  long,  the  admini. 
stration  of  the  affairs,  and  the  defence  of  the  territories  of 
the  state,  become  functions  too  laborious  and  too  complicated 
to  be  gratuitously  discharged ;  the  functionaries  receive  ^a 
salary,  and  instead  of  warriors  we  have  soldiers.  At  the  same 
time,  every  inch  of  ground  would  receive  its  master ;  pro- 
perty of  every  kind,  after  having  passed  from  one  hand  to 
another-^chance  favouring  some  individuals,  and  address 
serving  others— would  at  last  become  fixed.  Those  who 
had  been  unfortunate  or  unskilful,  finding  the  impossibility 
of  producing  any  thing  by  their  own  efiPorts,  would  let  out 
their  strength  or  their  dexterity  to  others.  From  society 
thus  at  last  completely  constituted,  various  classes  origi- 
nate. 

Tlie  productive  class  comprehends  all  those  who  draw  Piodacdiw 
from  the  earth  or  some  other  element,  any  productions  use- 
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ful  to  society;  cultivatcMrs of  the  soil,  fishermen,  vine-dress- 
ers, miners,  &c.  There  are  tribes  entirely  composed  of  one 
or  more  productive  classes.  Such  are  the  pastoral  tribes, 
or  Nomades ;  the  fishermen,  or  Ichthyophagi.  In  civilized 
states,  there  exists  one  productive  class  of  a  peculiar  kind ; 
— the  man  of  science  who  enlarges  the  empire  of  know- 
ledge, and  the  man  of  letters,  who  purifies  the  taste,  or  re- 
fines the  sentiments,  or  elevates  the  morals  and  manners 
of  the  age,  equally  contribute  to  the  production  of  true  na- 
tional riches  of  inestimable  price  and  perpetual  duration. 
Mechanical  '^^^  operative  class  consists  of  those  who,  by  various  pro- 
®'^^*'**'^® cesses,  convert  raw  produce  into  artificial  produce.  When 
such  processes  eminently  require  genius  apd  taste,  they  ob- 
tain the  name  of  the  fine  arts.  When  they  chiefly  de- 
mand corporeal  strength  and  dexterity,  they  are  called  the 
mechanic  arts.  A  manufactory  is  an  establishment  where  an 
art  is  conducted  on  a  large  scale.  The  name  of  zvork  seems 
to  denote  one  of  these  estabhshments  in  which  extensive 
and  powerful  machinery  k  employed. 
Gmnmer.  The  commercial  class  is  composed  of  merchants  properly 
so  termed,  who  buy  and  sell,  either  on  a  great  or  small  scale, 
the  productions  of  nature  and  of  art ;  of  different  kinds  <^ 
correspondents  or  agents,  who  facilitate  the  execution  of 
purchases  and  sales ;  of  bankers  and  brokers,  who  confine 
their  operations  to  the  representative  signs  of  merchandise ; 
and,  lastly,  of  mariners  and  carriers,  in  so  far  as  these  are 
proprietors  of  their  means  o{  conveyance,  and  do  not  fall 
to  be  ranked  under  the  class  of  mercenaries. 
daMoi  ^^  include  in  one  class  the  public  functionaries,  and 
public  offi-  the  officers  of  the  sea  and  land  forces.  They  are  equally 
invested  with  a  greater  or  less  proportion  of  the  force  of 
the  state;  they  are  equally  the  agents  of  the  supreme 
power. 
Class  of  The  last  class  comprehends  the  mercenaries  of  every  kind 
mocenariei.  ^jj^  jet  out  their  labour  to  private  persons,  or  chiefly  to  the 
community.  It  is  composed  of  labourers  and  domestics. 
This  last  class  is  most  numerous  in  the  states  where  lu^cury 
prevails. 


POLITICAL    GEOGRAPHY.  689 

9 

The  numerical  proportion  in  which  these  classes  are  met 
with  in  a  state,  is  one  of  the  most  interesting  questions  of 
statistics.  According  to  this  proportion  it  is  that  we  decide 
whether  we  are  to  denominate  a  nation  agricultural  or  com- 

Classes  have  their  fomtdation  in  the  very  nature  of  society  Ostes, 
itself,  bqt  castes  and  orders  are  created  by  laws  and  con- 
stitutions. By  the  wcHti  caste  is  understood  an  hereditary 
class,-  exduavdy  as«gned  to  one  species  of  occupation. 
This  system  of  division  existed  in  Persia,  Arabia  £elix,  and 
Egypt,  and  it  still  exists  in  India.  It  is  accounted  for  in 
a  satisfactory  manner,  by  referring  to  the  original  difference 
of  the  primitive  tribes,  whose  union  formed  the  nation. 
The  caste  of  priests  and  that  of  warriors,  in  Egypt,  were 
ptdbabiy  two  clans  somewhat  organized  and  disciplined, 
which  had  reduced  to  a  state  of  subjection  several  tribes  of 
hui^andmen  and  shefdierds.  The  conqueror  disdained  to 
intermingle  with  the  vanquished ;  and  the  laws  afterwards 
sanctioned  and  perpetuated  a  system  of  separation  which 
accident  had  originally  established  ^ 

The  political  orders  in  the  states  of  Europie  differ  essen-Orden  of 
tially  froip  the  castes,  in  this,  that  they  have  no  occupation*^'®  •^'^^ 
which  is  exclusively  reserved  for  them,  or  if  they  have  it, 
like  the  clergy,  it  is  not  hereditary.'  In  the  middle  ages, 
when  the  armies  consisted  of  cavalry,  the  order  of  the 
nobility  partook  much  of  the  nature  of  a  caste.  The  nobles 
now  are  merely  an  order  of  the  state.  The  citizens,  com- 
monalty, or  third  order,  and  the  peasants,  form,  in  some 
states,  orders  recognized  by  the  constitution.  In  Sweden, 
the  order  of  peasants  possesses  much  influence.  The  same 
was  the  case  in  the  Tyrol  before  the  late  events.  There  are 
still,  however,  some  countries,  particularly  Russia,  where 
the  husbandmen,  subjected  to  the  yoke  of  personal  slavery, 
form  a  real  caste^  condemned  to  a  state  of  abject  and  per- 
petual  degradation. 


1  ComiHiKe  Hee^ep,  Views  of  the  Folitici  and  Trade  of  the  Ancients.    (In 
([jerman.) 
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In  despotic  states,  as  in  Turkey  and  in  China,  there  are 
no  orders. 

.  Slavery  renders  all  individuals  equal.  In  Europe,  it  is 
the  <^  esprit  de  corps^  the  corporation  or  professional  spirit 
of  the  orders  of  the  state,— -it  is  the  equilibrium  resulting 
from  their  various  prerogatives  and  interests,  contending 
^rith  each  other,  and  with  the.  supreme  power,  which  se« 
cures  political  liberty.  It  is,  therefore,  in  describkig  Eu- 
rope that  we  shall  have  to  explain  the  institutions  of.  chi- 
valry, the  honorary  distinctions,  and  other  institutions, 
whose  object  it  is,  either  to  mark  the  degrees  in  the  scale 
of  society,  or  to  render  the  distance  between  them  less  felt 
and  less  perceptible. 
Denomi.  It  would  be  rather  uninteresting  to  enumerate  the  various 
^^^^^   denominations  which  designate  the  di&rent  states.     The 

sovereign-  ^^ 

ties.  use  of  the  terms  empire,  kingdom,  sultanat,  khanat,  and 

others,  will  be  learnt  in  the  descriptive  part  of  this  work. 
It  would  be  equally  useless  to  consider  in  this  place,  the 
titles  which  the  heads  of  states  assume,  from  the  m<xlest 
president  of  the  United  States,  to  the  vain-glorious  Em- 
peror  of  China,  who  is  called  the  son  of  heaven,  and  who 
is,  however,  only  the  silly  imitator  of  the  Persian  monarchs, 
who  style  themselves  kings  of  kings,  princes  of  the  stars, 
and  brothers  of  the  sun  and  moon  "^.  Empty  sounds  have 
no  influence  upon  the  prosperity  or  the  power  of  states  ^ 
Political  geography  regards,  as  almost  unworthy  of  no- 
tice, the  arms  and  colours  by  which  the  diflerent  states 
mark  their  ensigns,  their  flags,  and  their  ftontier  posts. 
AeaouTces  It  is  a  matter  of  much  greater  importance  to  ascertain 
of  the  state.  ^^  material  resources  of  the  state.  This  is  the  particular 
object  of  an  extensive  science,  termed  political  arithmetic  ° ; 
the  results,  however,  of  this  science  must  have  a  place  in 
the  descriptions  of  political  geography. 

« 

"  Ammian.  MaioeU.  xviL  5.   zziii.  0. 

P  Beananni,  SyDtagma  Dignitat.  lUnst  Bissnt;  iit  cap.  3. 

•  See  the  works  of  Young,  Petty,  &c.  quoted  p.  551,  552.  The  general 
Tfeatises  of  Statistics,  by  Ackenwall,  Toze  and  Mensel,  (in  Gcrmiui,)  and 
the  Statistical  Account  of  Scotland  by  the  Parochial  Clergy. 
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The  first  element  id  the  value  of  land,  and  of  its  pro^  Valu^of 
duce.  Here  the  different  productions  of  the  three  king-^^ 
doms  of  nature  are  classed  according  to  their  usefulness  as 
articles  of  life,  and  their  value  as  articles  of  merchandise. 
The  government  itself  knows,  otdy  by  approximation,  the 
value  of  what  agriculture,  the  fisheries,  and  the  mines  pro- 
duce, and  what  is  the  exact  proportion  between  the  commo- 
dities which  the  nation  sells,  and  those  which  it  buys. 
Governments  beside,  do  not  often  publish  even  the  imper- 
fect information  of  this  kind  which  they  possess.  Political 
geography,  therefore,  cannot  absolutely  warrant  the  accu- 
racy of  the  lists  of  productions,  of  exports,  and  imports, 
which  it  is  obliged  to  collect  with  so  much  trouble.  To 
render  these  details  as  useful  as  possible,  it  is  necessary  to 
know  the  proportional  values  in  which  lists  of  this  kind 
are  made  up ;  the  monies,  the  weights,  and  the  measures 
of  each  country.  This  subject,  which  presents  a  different 
aspect  in  every  state,  will  come  to  be  considered  in  our  par- 
ticular description^^ 

In  the  second  rank,  amongst  the  elements  of  the  national  Indiuiijr, 
resources,  should  be  placed  commercial  and  nianufacturing^'l^^^ 
industry.  It  was  this  which  accumulated  on  the  rock  of  tuxes. 
Tyre,  on  the  barren  coasts  of  Attica,  and  on  the  flat  sandy 
shores  of  Alexandria,  the  treasures  of  the  ancient  world ; 
'  and  it  was  it  which,  in  modern  times,  raised  Venice  and  Hol- 
land to  greatness.  Here  political  geography  should  con4- 
der  the  situaticm  of  the  coasts  of  a  country,  the  number 
and  nature  of  its  ports,  and  the  state  of  its  great  roads 
and  canals ;  circumstances,  all  of  which  directly  influence 
the  progress  and  prosperity  of  national  industry.  It  is 
likewise  necessary  to  attend  to  the  various  commercial  in- 
stitutions, such  as  the  great  national  banks,  which  accom- 
plish the  rajHd  exchange  of  the  signs  that  represent  the  va» 
lue  of  merchandise,  and  the  commercial  &Qd  trading  com- 
panies, amongst  which  there  are  some  diat  possess  in 
sovereignty  viffit  provinces  beyond  the  boundaries  of  £ur 
fope. 
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j^Vd«»  The  population  of  a  state  forms  the  third  element  in  its 

resources.  We  have  seen  in  a  preceding  book,  that  the 
proportions  between  the  deaths,  the  births,  and  the  num- 
ber of  living  inhabitants,  enable  us  to  approximate  near- 
ly the  population  of  a  country ;  but  it  is  a  census  alone 
which  enables  us  to  ascertain  it  with  exactness.  Even 
when  we  have  an  authentic  census,  we  i^ould  beware  of 
trusting  to  it  with  implicit  confidence.  The  same  indivi- 
duals are  often  counted  twice,  which  happens  every  time 
that  the  inhabitants  of  the  country  are  numbered  in  sum- 
mer, and  those  of  the  towns  in  winter. 

The  number  of  inhabitants  is  the  foundation  of  every 
good  system  of  finance ;  the  more  individuals  a  country 
contains,  provided  they  have  the  means  of  subsistence,  the 
greater  progress  will  commerce  and  manufactures  make ; 
and  consequently  the  greater  the  increase  of  the  revenues. 
The  number  of  inhabitants  ought  equally  to  determine  the 
number  of  the  troops.     It  is  computed  that  the  men  capable 
of  bearing  arms,  form  about  the  fourth  part  of  the  whole 
inhabitants.     The  greatest  effort,  however,  that  the  most 
warlike  state  can  make  in  a  case  of  extreme  necessity,  is 
to  arm  the  eighth  part  of  its  population.     No  example  even 
of  this  has  occurred  in  modern  history. 
Pivportion       Let  US  observe  also  that  the  more  a  mass  is   con- 
tiof^to^  centrated,   provided  that  it  has  free  space  sufficient  to 
extent  of     move  in,  the  more  energy  it  will  acquire.    A  small  po- 
pulous country,  therefore,  is,,  in  proportion,  more  powerful 
than  a  state  of  vast  extent  thinly  peopled.     A  country  is 
looked  upon  as  populous,  when  it  contains  about  100  inha- 
bitants to  the  English  square  mile.     England  is  peopled 
at  the  rate  of  198  to  the  square  mile ;  but  Ireland  and  Scot- 
land present  a  less  favourable  proportion ;  the  former  being 
122,  and  the  latter  56 ;  Wales  has  80  to  the  square  mile. 
I^oUand  had,  before  the  troubles  of  1788,  and  the  revolu- 
tions which  followed  them,  212  inhabitants  for  each  square 
mile,  which  makes  1908  for  each  square  English  league. 
The  Island  of  Malta  is  probably  the  most  thickly  peopled 
country ;  it  had  more  than  6000  souls  to  the  square  league  ; 
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but  .these  are  to  be  regarded  only  as  rare  .local  exceptions. 
Aiid  it  -is  oommon  enough  to  find,  in  European  Russia, 
goMenunents  which  have  not  more  than  20^  or  even  10 
inhabitants,  to  each  square  mile  K 

The  attempts  which  political  arithmeticians  have  made  Rermues  of 
to  compute  the  value  of  the  aggregate  revenue  of  a  whole  **^** 
nation,  arising  from  the  employment  of  its  capital  in  the 
cultivation  of  the  soil,  ^and  in  the  various  branches  of  com- 
merce and  the  arts,  have  hitherto  produced  only  proximate 
results,  more  or  less  accu^'ate  according  to  the  correctness 
of  the  data  from  which  the  calculations  have  been  made. 
Political  geography  merely  exhibits  the  sum  of  the  revenues 
at  the  disposal  of  the  government  of  each  state,  and  the 
principal  sources  whence  •  they  flow.  In  many  countries 
this  information  is  furnished  by  the  annual  budget^  which 
is  the  name  given  to  the  table  of  finances  laid  before  the 
aristocratic  or  democratic  body,  sharing  in  the  exercise  of 
the  supreme  power.  As  the  budget,  howiever,  is  sometimes  Debts  of 
intended  to  neutralize  the  unfavourable  impression  which  ^^^  ^'*'** 
may  have  been  made  by  the  increase  of  the  public  debts  of 
the  state,  it  occasionally  exhibits  fallacious  details :  in  ab- 
solute monarchies  this  device  is  superfluous.  But  the  cor- 
rect estimates  often  remain  buried  in  the  ministerial  bureaux^ 
until  some  lucky  chance,  or  the  will  of  an  enlightened  sove- 
reign, ushers  them  into  useful  -publicity.  As  it  is  only  in 
£urope  that  there  exists  a  regular  system  of  finance,  it  is  in 
the  description  of  that  part  of  the  world  that  we  shall  point' 
out  the  different  species  of  taxes  and  customs,  and  all  the 
ingenious  artifices  by  which  civilized  governments  force 
money,  out  of  the  pockets  of  their  subjects ;  while  the  chiefs 
of  barbarous  nations  carry  off,  in  kindy  and  most  frequently 
in  an  arbitrary  and  irregular  manner,  the  articles  which  they 
require. 

An  armed  force,  naval  and  military,  is  unfortunately,  Armed 
but  necessanly,  an  object  of  the  first  importance  to  every  ^"*** 
government. 

P  Busching,  Introduction  a  la  oonnaissance det  Etats  de  T Europe*. 
VOL.  I.  2   Q  ' 
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Savage  tribes,  and  even  sonfte  half-eivUiied  naikms,  are 
accustomed  to  oiarcb  against  their  enemies  all  the  males  fit 
to  carry  arms.    Nothing  prevents  them  from  dcnng  ao^  as 
fishing  and  hunting  are  occupations  wbieh  a  hoide  of  sa- 
vages carry  along  with  them^    la  other  dreumstance^  the 
women  may  be  sufficient  for  the  employments  of  agricul« 
ture  and  the  tending  of  cattle ;  but  as  soonas  hd)our  ismul« 
Uplied,  and,  in  consequence  of  this,  ecHnes  to  be  divided, 
that  is,  as  soon  as  the  agricultural,  manufiBieturiBg,  and 
commercial  classes,  have  each  a  separate  existence  and 
place  in  society,   it   is  impossiUe  to  arm  and  to  bring 
into  the  field  the  entire  mass  of  a  naticto,  without  com- 
pletely suspending  the  exercise  ol  those  trades  and  occu- 
pations  on  which  its  subsistence  depends.    It  theref(»re  be« 
comes  necessary  to  form  a  class  exclusively  devoted  to  the 
trade  of  war ;  such  wasy  in  the  middle  ages,  the  denga  of  the 
order  of  nobility  and  ol' chivalry ;  but  the  invention  of  gun* 
powder  and  artillery,  the  introduction  of  a  new  system  of  for* 
tification,andtheperfection  towhichlsacticBbavebeenlMrottght, 
have  converted  the  formerly  simple  i^  ahnost  mechanicalart 
of  war  into  a  profound  and  extensive  science,  to.  the  study 
of  whidi  many  years  must  be  detoted.    Thieeonsideraticm, 
strengthened  by  motives  of  ambition  and  policy,  gradually 
paved  the  way  for  the  establishment  of  stdndii^  anfuss. 
The  European  powers  have  had,  for  more  than  a  century 
and  a  half,  a  certain  number  ^  tro^  in  a  state  of  perfect 
discipline  and  eqiiipotent,  f eady  to  march  at  a  moment^s 
notice.     In  supporting  these  troops,  cme-third,  and  often 
one  half  of  aU  the  publie   revenue  is  consumed.    The 
Land  forees.  land  force,  or   the  army,  is  composed  of  four  priiKHpal 
ports,  or  arms,  with  their  subdiviaons  ;   namely,  the  infan- 
try, or  combatants  on  foot ;  the  cavalry,  or  combatimts  on 
horse-back ;  the  artillery,  whose  province  is  to  work  those 
engines  of  destruction^  on  the  skilful  management  of  which 
the  issue  of  battle  frequently  dqiends ;  and  the  engineer  de- 
partment, which  conducts  the  defence  and  attack  of  for- 
tified places.     In  the  description  of  a  kingdom,  not  only 
should  we  pwnt  out  the  number  and  situation  of  the  for- 
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ti^esae^,  the  i«99e$  nod  defilea  of  greatest  imporUmae;  ai» 
Well  ad  the  number  o(  troops  which  it  maidtaini ;  but  Lt  is 
farther  oeoessary  to  mention,  whether  these  ane  reguhur 
troop»9  or  bands  without  disdpliiie  or  military  scaenoe,  and 
also  to  specify  the  physical  adrantages  and  disadvantages 
of  the  froaUem. 

In  like  manner^  it  is  not  enough  to  know  the  number  of  Sea  fotcet, 
ships  of  war  of  which  the  navy  of  a  state  connsts.  We  must 
also  ascertain  whether  it  possesses  an  adequate  number  of 
skilful  officers  and  expeiienced  sailors.  We  must  observe 
whether  it  com{Nrehends  in  its  dominioos  extensive  coasts^ 
furnished  with  safe  and  commodious  harbours,  or  touches 
the  sea  only  in  some  insulated  points.  According  to  cir«. 
cumstances,  a  state  requires  a  fleet  of  ships  oF  the  hne^  and  Fleet  ana 
frigates  to  fight  on  the  open  sea,  or  a  flotilla  of  gun-boats  to 
defend  its  coasts^  its  straits,  and  its  ports. 

Finally,  states  have  also,  bemdes  their  own  piecu&ur  forces^  Fone  aris. 
a  force  of  situation  depending  upon  thdr  external  relations )  ^^^^  ^* 
^md  particularly,  on  the  alliances,  whether  £plbmatic  or  tioas^ 
jnatural,  winch  render  them  the  friends  or  enemies  of  each 
other*     The  equilibrium  resulting  from  the  alliances  of 
the  different  European  nations,  is  called  the  *^  balance  of 
*^  power.^    Tins  political  equilibrium  has  frequently  beett 
subverted;   but  it  is  noti»ithstanding   of  importance  t^ 
examine  the  principal  bases  on  which  it  rests^  as  shall  be 
d<Hie  in  our  description  of  Europe^ 

The  moral  state  of  a  nation  is  the  result  df  all  these  po^Mora!  itate 
litical  and  social  relations  we  have  been  specifying.    This^^  *  nation. 
state  is  indicated  by  various  agns,  of  which  the  political 
geographer  ought  to  notice  the  most  striking. 

The  mode  of  dress  is  more  than  a  simple  object  of  eurio^  Garmenti. 
aity ;  the  loose  flowing  habit  of  the  orientals,  and  the  tight 
clothing  of  the  European,  exert  an  influence  on  their  phy- 
sical and  moral  constitution.  The  nudity  of  certain  nations  Dress, 
procures  to  them  corporeal  advantages,  an  agility,  a  strength, 
aad  a  robustness  of  heakh,  unknown  to  nations  whose  kmbs 
are  encumbered  with  garments ;  but  this  suparioil^  irmore 
than  counterbalaaced  by  extnsie  indolaice  aild  fetiblenesi^ 
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and  torpor  of  understanding.  The  castom  of  painting  the 
body,  whether  by  imprinting,  or  marking  figures  upon  the 
skin,  or  by  simply  b^mearing  it  with  a  coat  of  colouring, 
marks  the  infancy  of  civilization,  and  the  first  workings 
of  vanity.  Rank  and  dignity  are  frequently  indicated  by 
the  vestments,  or  by  the  ornaments  with  which  they  are 
embellished.  A  particular  kind  of  sash  of  cotton  cloth  is 
the  distinguishing  badge  of  royalty  in  Otaheite.  The 
priests  of  Siam  reserve  to  themselves  the  privilege  of  shaving 
their  eyebrows.  A  necklace  of  human  teeth  supplies  the 
place  of  the  star,  in  the  order  of  negro  nobility.  '- 

fiabitatioD.  The  ordinary -habitations  of  a  people,  are  an  almost  in- 
fallible index  of  the  degrto  of  civilization  at  which  they 
have  arrived.  ^  The  human  race  may  be  divided  into  four 
classes,'  according  to  the  four. kinds  of  habitations  which 
follow,  1^/,  Caverns  in  the  rocks,  and  under  ground.  They 
who  make  these  their  common  abodes,  are  called  Troglo- 
dytes. Stdy  Huts  of  iearth,  branches  of  trees,  stones,  or  some 
other  substance,  either '  in  the  natural  state,  or  coarsely 
wrought,  dd.  Tents ;  these  moveable  dwellings,  in  the  opi- 
nion of  wandering  pastoral  tribes,  appear  preferable  to  our 
palaces.  4M,  Houses,  which  maybe  defined  huts  brought 
to  a  state  of  perfection ;  for  even  the  most  superb  colonnade, 
is  merely  a  noble  imitation  of  the  coarse  beams  which  sup- 
ported the  thatched  roof.  We  find  in  Europe,  houses  con- 
structed of  unsquared  beams — of  beams  that  are  squared 
and' Uned  with  wainscoting — of  prepared  clay  and  squared 
timber— -of  bricks  and  wood— of  bricks  alone-*of  unhewn 
stone— of  hewn  stone — and  of  marble. 

Towni,  The  name  of  a  city  or  town,  strictly  speaking,  is. not  gi- 

CouDtry  '  ygjj  ^Q  1^  collection  of  houses  on  account  either  of  its  extent 
towns,  and  ...  .  .   ., 

TiUagai.      or  Its  population,  biit  in  consequence  of  certain  privileges 

which  the  place  enjoys.  The  right  of  exercising  the  various 
arts  and  trades,  and  of  conducting  commerce,  serves  in  most 
90untrie8  chiefly  to  distinguish  cities  and  towns  from  vil- 
lages. Villages  are  sometimes  larger  than  towns,  for  exam- 
ple in  Sileua ;  but  they  have  commonly  no  privilege 
^  distinguish  them  frcmi  hamlets  and  other  assemblaiges 
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of  houses  in  the  country.  Burghs  are  places  which  enjoy 
a  portion  of  the  rights  granted  to  cities.  In  other  respects, 
these  words  admit  of  different  senses,  according  to  the  laws 
and  customs  of  different  countries. 

Utensils  and  instruments  are  objects  no  less  worthy  of  Utenailf 
the  attention  of  a  philosophical  observer.     The  bows,  the  ™jj|^^ 
javelins,  and  the  nets  of  savages,  often  deserve  to  be  ad- 
mired for  the  perseverance  and  dexterity  that  were  required 
to  produce  them. 

The  European  is  accustomed  to  make  almost  every  nu-  Food, 
tritive  substance  minister  to  his  support,  or  to  the  gratifi- 
cation  of  his  palate.  But  there  are  nations  that  live  almost 
exclusively  upon  one  kind  of  food.  The  fru^vorous,  car- 
nivorous, and  ichthyophagous  tribes  are  distributed  over  the 
whole  surface  of  the-globe.  The  taste  for  horse-flesh  appears 
peculiar  to  the  Mongols,  Tartars,  Finns,  and  other  descen- 
dants of  the  Scythians,  and  to  the  Sclavonic  and  Gothic 
nations.  Both  ancient  and  modem  writers  place  the  Acri- 
dophagi,  or  eaters  of  locusts,  in  Africa.  Some  of  the  Ame- 
rican tribes  visited  by  Humboldt,  devour  a  species  of  clay. 

Respecting  Anthropopbagism,  or  the  horrible  custom  of  Antfaiopo- 
eating  human  flesh,  it  appears  to  be  proved  that  it  does  notP'^'Sum- 
belong  exclusively  to  any  nation ;  all  savage  tribes  are  ad- 
dicted to  it,  either  from  the  impulse  of  a  ferocious  hatred 
of  their  enemies,  or  by  the  dictates  of  an  atrocious  super- 
stition, or  finally,  in  consequence  of  extreme  want.  Not 
only  do  modem  accounts  assert  that  the  practice  obtains  in 
the  greater  part  of  the  nations  of  Africa,  America,  and 
Australasia ;  but  we  discover,  from  several  passages  in  the 
ancients,  that  it  was  at  one.  time  prevalent  in  Europe.  The 
poets  ascribe  it  to  the  Cyclops  and  Lestrygons,  whom  they 
place  in  Italy  ^.  Historians  bring  this. charge  against  the 
Scythians',  the  Cimbrians',  a  tribe  of  Caledonians*,  and 
other  nations  of  the  north. 


4  Hoiner,  Odyss.  ix.  290.  x.  189. 
'  Herod,  iv.  18— -Sa    Plin.  m  2. 
■  Diodor.  v.  chap.  32. 
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The  heroes  and  gods  of  Homer,  employ  expressions 
IxnTowed  from  the  rites  of  Anthropopbagism ;  Jupiter 
reproaches  Juno  for  desiring  to  eat,  either  raw  or  dressed. 
King  Priam  and  his  children.  Human  sacrifices  were  known 
amongst  the  Greeks  and  Romans,  as  well  as  the  Celts,  Scan- 
dinavians,  and  oriental  nations.  These  horrid  sacrifices 
appear  to  have  been  often  succeeded  by  a  repast  still  more 
horrid.  The  disgusting  practice  of  burying  the  dead  bo- 
dies  of  their  relations  in  their  own  bowels,  u  attributed 
to  the  Issidones  ^^  and  the  Massagetss  ^  ;  to  several  tribes  of 
India  ^ ;  to  the  people  of  Thibet  and  the  Marian  Islands  *; 
and  to  the  ancient  Irish  *. 

Jncbriatmg      The  desire  of  procuring  a  momentary  elevation  of  tsfi- 
"^  rits,  has  caused  the  invention  amongst  all  nations,  of  intox* 

seating  liquors.  Their  different  properties,  frcHn  the  gene^ 
rous  ¥ane  of  Europe  to  the  loathsome  ava  of  the  Otabdr* 
tans,  deserve  to  be  pointed  out  in  the  geographical  descrip^ 
^ons  of  the  respective  countries. 

Cmtomf.  IP  torn  the  immense  variety  of  customs,  which  impact  to 
social  life,  in  every  nation,  its  peculiar  features^  political 
geographers  select  the  most  strikii^,  namely  those  which 
lire  most  closely  connected  with  morals,  and  which  serve 
to  illustrate  the  history  and  filiation  of  the  spedes«  Such 
is  the  circumcision  practised  amongst  the  African  nations 
which  do  not  profess  Islamism ;  the  custom  of  embalming 
0ead  bodies,  common  alike  to  the  Guanches  of  the  Canary 
islands,  and  to  the  ancient  Egyptians ;  the  fashion  of  letting 
^he  bodies  of  the  dead  dry  and  wither  away  in  the  air,  oon- 
mon  to  the  Otaheitans  and  the  ancient  Medes;  the  cus- 
torn  prevalent  among  the  females  of  India,  and  the  wives 
pf  the  Wendes  and  Scandinavians,  of  immolating  themseiv^ 
upon  the  tombs  of  their  husbands;  and  in  general  the 

*  Ijieronjm.  ap  Buchan,  Rer.  Scotic.  ii.  p»  4S«    £dtt»  We«heL 

*  Herod,  iv.  26. 

*  8trabo»  xi.  353,  edit.  Casaub.  Atrob.    Herod,  i.  cap.  216. 
>  Herod,  hi  cap.  99,  100. 

*  Kubruquis,  Marce  PauL  Mendana,  ^f. 

*  Strabo,  iv.  139. 
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eeremoDies  obsenred  at  marriages,  births,  and  funerals, 
preesent  resemblances  l^at  are  often  bigfaly  kmereating. 

CiTil  laws  sometimes  present  mngularities  which  deserve  Civil  lawi. 
to  be  marked  in  the  description  of  a  nation.  But  it  is  auiSl- 
cient  to  notice  regulations  which  punctiliously  prescribe  the 
bA\j  ceremonies  of  a  degrading  etiquette ;  punishments  re^ 
▼olting  to  humanity  ;  graduated  scales  of  murders,  and  mu- 
tations, and  tortures ;  superstitious  ordeals,  still  prevalent 
amongst  different  nations,  and  a  thousand  other  similar  ob- 
servances of  ancient  barbarism^or  the  bequeathments  of  more 
recent  despotism.  ] 

The  intellectual  state  of  society  doses  this  lengthened  State  vf 
view  of  the  various  aspects  under  which  nations  may  be  knowledge, 
contemplated.     Do  they  possess  an  accumulated  store  ot* 
tbe  discoveries  of  genius,  and  of  the  observations  of  wis- 
dom ?     Do  they  cherish,  in  the  sublime  and  beautiful  ef-  ^ 
fiisions  of  poetry,  the  expression  of  the  noblest  sentiments 
of  humanity  and   patriotism  P     Do  men  of  science  and 
literature  occupy  the  honourable  rank  to  which  they  are 
entitled  ?    These  are  questions  which  require  to  be  satisfac- 
torily solved  before  we  can  determine  the  progress  which 
agnation  has  made  in  civilization  and  in  morals. 

The  general  result,  the  collected  effect  of  all  these  as-  cUssm  of 
pects  and  relations,  to  which  our  attention  has  been  drawn,  "•*»«»• 
constitutes  the  character  of  a  nation.     Nations  may  be  drs- 
tributed  into  three  general  classes.     Savages  jare  those,  Savagef. 
who  are  igncnttnt  of  the  art  of  writing,  or  of  fixing  their 
lltoughts  by  means  of  conventional  signs  equivalent  to  writ- 
ing.    Their  vague  and  unsteady  ideas  are  attached  only  to 
ol^ects  which  strike  tiieir  senses;  they  delight  to  adorii 
their  persons  in  a  manner  which  to  us  appears  ridiculous ; 
iliey  are  passionately  fond  of  bodily  exercise,  and  in  thi^ 
respect  they  infinitely  surpass  us.     Their  industry  is  gen- 
erally confined  to  a  little  gardening,  to  fishing,   and  the 
chase.     Some  of  them  however,  produce  specimens  of  beau-  Barbariaui 
tiful  workmanship,  and  have  even  commodious  and  elegant  ^'^^^^^"''' 
habitations.     The  class  of  barbarians,  or  men  half  civilized, 
comprehends  every  nation  which,  by  writing,  by  written 
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laws,  by  a  religion  expressed  in  ceremonial  observances,  or 
by  a  more  regular  military  system,  has  evidently  emerged 
from  the  savage  state.  But  the  information  which  such  a 
people  possesses  is  as  yet  only  an  indigested  mass  of  inco» 
herent  observations :  their  arts  are  exercised  as  it  were  by 
routine — their  policy  is  limited  to  the  defence  of  their  fron* 
tier,  at  the  moment  of  danger,  or  to  oiFensive  operations  con- 
ducted without  a  plan.  Their  progress  is  in  general  slow  and 
uncertain,  because,  even  in  advancing  towards  civilization, 
they  have  no  proper  conception  of  the  great  objects  at  which 

Cmlized  they  should  aim.  A  civilized  nation  is  that  which  has  £u:- 
ranged  its  knowledge  in  the  form  of  sciences  ^  which  tiasele* 
vated  the  mechanical  to  the  rank  of  the  fine  arts;  which,  to 
express  the  various  sentiments  of  the  human  heart,  has 
created  the  '^  Belles  Lettres  -y'  which  is  possessed  of  a  fixed 
system  oflegislation,  of  policy,  and  of  war,  calculated  not  only 
for  existing  circumstances,  but  for  ages  to  come — a  nation  in 
which  Christianity,  undefiled  by  superstition  or  enthusiasm, 
displays  its  proper  influencet,  in  the  purification  and  eleva- 
tion of  the  public  morals, —  a  nation,  finally,  which  recog- 
nizes the  great  principles  of  public  law,  by  acting  in  time  of 
peace  as  the  friend  of  every  other  state,  and  by  respecting, 
in  time  of  war,  the  property  of  defenceless  citizens. 

Chsncter.  The  general  character  of  a  nation,  being  the  result  of  all 
th^  physical  circumstances  in  which  it  is  placed,  and  of  the 
political  institutions,  which  modify  these  circumstances,  it 

Does  It      is  absurd  to  make  it  depend  upon  climate  alone.     £x<. 

climate?"  treme  cold,  as  well  as  extreme  heat,  by  enfeebling  the 
constitution,  seems  to  check  and  restrain  that  progress  in 
improvement  which  a  people  might  otherwise  make ;  but 
institutions  and  manner^  sjtruggle  successfully  against  the 
climate.  Egypt,  under  the  tropic,  and  Scandinavia,  undec 
the  polar  circle,  have  equ^ly  given  birth  to  heroes,  men 
of  genius,  and  philosophers. 

Ngiture  of  a      The  nature  of  a  country  has  more  influence  than  the 

itt^nflu-     temperature.     The  mountainous  central  parts  of  Greece, 

ence.  formerly  tjie  beloved  abodes  of  courage  and  independence', 
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^ve  still  •  the  piaees  that '  ate-  k^^t '  accessible  to  despotism . 
In.Thrace,  the-Sarres,  inhalMtants  of  the  mountains,  main- 
'.tamed  for  a  long  time  their  independencd-'' ;  in  these  same 
'  mountains,  as  well  as  in.  Macedoniar, '  we  fiAd  at  this '  day 
'  hordes  of  Turcomans  who  live  in  the  enjoy  meiit  of  liberty  \ 
The  lUyrians  bravely  resisted  the  kings  of  Macedonia,  and 
the  Roman  Legions  ^,     The  Arnauts,  or'  Albanians  wan- 
dering upon  these  same  mountains,  obey  the  Turks  only 
when  payed  by:  them. 

The  Greeks,  in-  spite  of  the  yoke  of  tyranny  under  which 
they  are  oppressed,  exhibit  still  in  some  mountainous  can- 
•tons,  the  manly  character  and  republican  spirit  of  their  an- 
cestors. Without  mentioning  the  Mainotes,  so  often  re- 
ferred to,  let  us  Idok  to  the  town  of  Ambeldkia,  situated  on 
the  declivity  of  Mount  Ossa,  above  Tempe ;  its  inhabitants,* 
as  brave  as  they  are  industrious,  have  twice  repulsed  the  Ot- 
toman troc^,  and  no  Turk  dare  shew  himself  on- their  rocks. 
The  small  town  of  Parga%  whose  unhappy* and  unmerited 
catastrophe  we 'shall  afterwards  have  occasion  to  describe, 
has  often  presented  the  spectacle  of  women  taking  up  arms 
and  fighting  for  liberty '.  The  Spachiotes,  who  inhabit  the 
white  mountains  in  the  Isle  of  Crete,  have  be^n  only  lately 
subjugated,  rather  by  intestine  discords  than  by  the  arms 
•of  the  Turks.'  They  still  preserve  several  institutions  of 
•the- ancient  Cretans  <•  ^  It  is  perhaps  eto  the  peculiar  nature 
of  the  soil  of  Europe, 'to  its  being  more  intersected,  more 
rugged^  and  more  unproductive,  than  that  of  Asia  or  Ame- 
rica^ that  we  owe  that  presence  of  mind,  and  that  spirit  of 
bold  enterprise  and  perseverance  by  which  the  natives  are 
in  general  so  much  distinguished.  These  qualities  emi- 
nently characterize  the  inhabitants  iof  the  Alps,  the  Dofrines> 
and  tbeCevennes. 

^  Herodot,  lib.  vii.  cap.  in. 

*  Felix  Beaujour,  voL  L  p.  385. 

^  lAvjt  i.  43.  cap.  19.     Justin,  &c. 

*  F.  Beaujour,  vol.  i.  p.  272. 

'  Sorofani,  Voyage  ^n  Grece,  vol.  iii.  p.  21. 
«  Savvwy,  Letters  sur  la  Greece.     Lett,  xxxvi. 
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Notions  thtt  ooeupy  iBountttiious 
jealous  of  th^  liberty,  asd  Itriiig  in  small  eepaande  states, 
speak  generally  a  numbar  of  dialects,  whichy  in  pnoocss  of 
time,  become  so  many  languages.    In  Caucasus,  there  are 
twenty*^  different  dialects  spoken  K    As  a  farther  proof 
c{  this,  we  may  also  refer  to  the  numerous  diakdts  of  Greece 
and  Scandinavia. 
People  in-       Tribes  that  inhabit  vast  phuns  destitute  of  krge  iiTers 
^^S      and  forests,  naturally  betake  themselves  to  a  waadering 
life,  and  the  tendmg  of  flocks  and  cattle.     The  patriarchal 
government,  the  parent    of  despotism,   had    its    origin 
Nomades.  .amongst  wandering  tribes  or  Nomade9.    An  insulated  mode 
of  life  retards  the  progress  of  populaUon ;  and  the  facility 
with  winch  fix)d  is  proeured,  obstructs  the  growth  of  in- 
dustry and  the  arts.    Such  is  the  cause  of  the  baribarisia  in 
which  the  tribes  of  central  Ama  temaiiL    But  if  these  tribes 
meet  with  conriderable  rivers,  bordered  by  meadows  afford- 
log  rich  pasture  to  their  herds,  they  &llow  theiar  ccHirse  \ 
FkheTmen  and,  descending  into  fertile  valleys,  become  fishermea  and 
cuitu^   i^culturists.    As  soon  as  they  have  fixed  their  abode,  we 
see  the  arts  and  sciences  gradually  spring  up  in  the  midst 
of  them.  The  Mongols  descending  from  their  upland  plains, 
have  become  the  founders  rf  numerous  towns  in  China; 
and  an  African  ht»de»  fbUowing  die  Nile  from  Meroe 
and  Upper  Ethiopia,  has  been  ahle  successively  to  create 
^  wonders  of  Thebes  and  of  Memphis. 
Tribes  Forests  must  have  been  the  primitive  abodesof  the  Curo- 

Vore^to?  P^**^  tribes,  when  they  lived  upon  acorns.  Even  now  the 
palm  forests  afford  shelter  to  the  nations  of  Africa.  The 
hunting  of  animals  was  the  natural  ooeupataon  of  these 
people ;  but  at  the  dawn  of  civilization,  the  trUies  of  hun- 
ters, having  both  the  body  and  the  mind  formed  by  vic^ 
lent  exercise,  by  dangers,  and  incessant  toil,  must  have 
made  more  rapid  progress  in  improvement  than  the  pas- 


i»  Stmbo,  xi.    Rcineggs,  Voyage,  && 

^  Coinpftre  Deguignes,  HifUnre  det  Hutu,  H.  p.  5. 
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toral  tribes,  and  must  have  built  houses  and  towns  at  a 
much  earlier  period.  The  forests  would  furnish  them  with 
the  materials  and  the  model  of  their  architecture.  Trunks 
of  trees  supporting  a  verdant  roof,  suggested  the  first  idea 
of  Grecian  and  Indian  colonnades,  whilst  Chinese  architec- 
ture consists  only  of  tents  imitated  in  wood  and  stone ;  and 
in  the  Grothic  architecture,  we  recognise  the  image  of 
gloomy  caverns  and  steep  rocks  ^. 

Mountains,  rivers,  and  forests,  having  directed  the  first 
tribes  in  their  emigrations,  and  having  influenced  their 
physical  and  moral  character,  have  also  given  rise  to  the  OhgioAi 
first  geographical  divisions  and  denominations^,  as  we  shall ^P|^P^' 
often  have  occasion  to  show  in  our  particMlar  descriptions. 
But  what  has  most  accelerated  the  extension  of  the  human 
species,  and  the  progress  of  dvilization,  is  the  invention  of 
navigation. 

What  lively  and  strange  emotions  must  the  first  men  Mantim* 
have  felt)  when,  descending  from  their  paternal  mountains,  P^P^^ 
after  having  wandered  in  the  thick  forests  which  covered 
them,  they  saw,  all  at  once,  their  further  advance  impeded 
by  an  immense  plain  of  water,  which,  in  the  distance,  ap* 
peared  to  be  lost  in  the  sky,  and  to  mingle  with  the  clouds ! 
The  hunters,  accustomed  as -they  were  to  danger,  would 
feel  a  great  degree  of  repugnance  to  commit  themselves  to 
the  waves.     But  no  sooner  was  the  first  skiff  launched  upon 
the  ocean,  than  the  whole  physical  and  moral  state  of  tiiat 
tribe,  which,  in  consequence  of  its  situation,  was  enabled 
to  profit  by  this  great  discovery*  would  be  changed.     A 
snudl  territory,  abounding  in  fisheries,  is  enabled  to  accu- 
mulate a  numerous  population.     Civilized  islands  are  asy* 
lums  inaccessible  to  the  attacks  of  savages.     These  small 
corners  of  the  earth,  insulated  by  nature  itself,  gave  rise  to 
the  first  ideas  of  country  and  of  national  independence. 
Even  the  inclemency  of  the  maritime  air  must  have  had 

^  Hodge^s  Travels  in  India,  part.  L 

1  Rodbeek*  Adant.  i.  5&->-.57.  £ccatd«  Grig.  German,  p.  S6.    Xorfni, 
H'mu  Norwcg.  i.  X30-»150. 
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some  influence  upon  the  progress  of  civilization.     In  the 
interior  of  rthe  country,  a  tent  or  hut.  of  verdant  turf  af- 
forded a  sufficient  shelter  from  the  rain  and  the  wind.  Near 
the  sea,  the  dampness  of  the  atmosphere  rendered  it  neces. 
sary  to  build  habitations  of  firmer  materials  and  a  closer 
construction.    Great  towns  arose  upon  the  banks  of  a  river, 
or  upon  the  shores  of  the  sea. 
Character        The  character  of  insular  nations  is  always  distinguished 
®^""^    by  originality.     Attached  to  their  native  soil,  and  unjust 
towards  a  foreign  one ;  faithful  to  national  remembrances, 
but  strongly  biassed  by  superstitions  and  prejudices,  they 
generally  exhibit  more  energetic  virtues  and  vices  than  the 
inhabitants  of  continental  plains. 
Influence  of     In  the  history  of  the  human  specie^,  the  progress  of  na- 
navigation.  yigadon  will  always  hold  the  first  place  after  that  of  agri- 
culture.    The  civilization  which  agriculture  gives  rise  to, 
is  purely  local ;  it  stops  as  soon  as  the  supply  of  the  wants 
of  the  nation  is  secured ; .  agricultural  societies,  -  generally 
composed  of  only  two  classes,  masters  and  slaves,  insulate 
themselves  from  the  rest  pf  the  world,  more  by  their,  laws 
and  customs,  than .  by.  the  lofty  walls  they  have  sometimes 
raised  to  defend    themselves  against  foreign  aggression. 
But  navigation  disturbs  this- Chinese  felicity,  and  inter- 
rupts a  repose  so  opposed  to  the  destinies  of  human  nature. 
A   vessel  unites  the  most  distant  regions  of   the  wprld; 
cities,  nay  even  whole  nations,  are  transported  to,  o{iiei^  cli- 
mates ;  the  tumult  and  the  hum  of  civilization  is  heard 
^  amongst  indolent  savages ;  an  universal  movement  pervades 
all  classes ;  and  man  is  unconsciously  drawn  on  to  the^  con- 
quest of  the  globe. 

The  fate  of,  the  great  .human  families  has  been  decided 
by  the  direction  which  they  took  in  their  emigration,  by 
t^e  nature  of  the  soil  wl^iph  they  occupied,  but,  above  all, 
by  the  positions  of  the  great  seas  of,  the  globe,  and  the  ad- 
vantages which  men  were  able  to  derive  from  them.  Is 
not  the  perpetual  infancy  of  the  Chinese  chiefly  owing  to 
their,  ignorance,  of  the  art  of  navigation  .'^^  On  the  pontrary, 
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if  the  Japanese-  and  the  Malays  exhibit  a  character,*  man« 
ly,  enterprising,  and  different  from  that  'of  the  other  Asia^ 
tics,  it  was  formed  at  the  epoch  when  their  ^squadrons  tra-^ 
versed  the  great  eastern  Ocean,  which  is  at  present  filled  with 
their  Colonies;     The  people  of  Africa  are,  as  it  were,  buried 
in  the  midst  of  a  great  continent,  destitute  of  guiphs  and 
arms  of  the  sea.-    This  cirdumstance,  by  hindering 'nayiga^ 
tion  from  carrying  industry  thither,  has  'pdwerfiiUy  contri- 
biited  to  briitlfy  the  nations  of  that  continent    •  The  Euro- 
peans alone  were  called  by  Providence  to  extend  their  em- 
pire over  the  gtebe.    The  nations  who  have  peopled  Europe 
had  to  cross  the  mountains  of  Caucasus  and  of  the  Alps,  the 
Black  Sea,  the  Baltic,  the  Archipelago,  the  Adriatic,  and  the 
Mediterranean.     Obstacles  iso  formidable',  retarded  them  at  Civilizatum 
first  in  their  progress ;  but,  at  the  same  time,  they  served  to'P^*^^'^ 
develope  and  to  fortify  that  character  of  activity  and  courage^Mediter- 
which  is  common  to  the  European  nations.     The  descend-^^*"**"' 
ants  of  Canaan,  the  Pheiiicians,  soon  lost  the  empire  of  the> 
sea;  Athens' rivalled  Tyre;  a  Grecian  city  ruled  overcon- 
quered  Egypt;    Carthage  submitted  to   Rome;    Europe 
seized  the  sceptre  of  the  iforld.     At  this  first  epoch,  'all 
civilization  was  collected  around  the  Mediterranean ;  it  was 
almost  the  only  sea  upon  which  there  was  any:  navigation.' 
A  second  epoch  commenced,  and  the  march  of  civilization 
was  still  intimately  connected  with  the  progress  of  naviga- 
tion.   The  compass  and  Columbus  appeared.    A  new  world 
saw  our  vessels  land  on  its  shores.     A  new  Europe  has  ari-  ci?ilizatioii 
sen,  and  continues  to  advance  with  giant  steps  in  the  career  '^'^"l'^ 
of  improvement.     The  Atlantic  ocean  has  become  what  the  Atlantic 
Mediterranean  was  before,  the  great  highway  and  thorough-*^***' 
fare  of  civilized  nations. 

But  the  march  of  civilization  is  far  from  being  terminat- 
ed ;  the  wonders  we  have  witnessed  may  still  be  surpassed. 
The  Europeans  have  not  confined  themselves  to  the  shores 
of  that  Atlantic  ocean  which,  immense  as  it  appeared  to  the 
Phenician  and  the  Greek  navigators,  is  only  an  arm  of  the  ^*®^*  "P®° 
sea,  compared  to  that  great  ocean  which,  under  the  names  ocean. 
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of  the  Indian,  the  Pacific^  and  the  Easta^n,  exteoda  from 
pole  to  p^.     The  AmericaB  navigator^  have  already  cross* 
ed  the  whole  of  tins  aquatic  bemiftphere— *already  Britifth 
coIooistB  have  begun  to  settle  the  umum^rable  iBlands 
which  form*  to  the  soutfa-eaat  of  Asia,  a  fifth  part  of  the 
world ;  and  AuatralaMA^  the  aioBt  delightful  country  of  the 
globe^  will  probably,  ere  many  agses  pass  away«  bdve  reacb* 
ed  the  highest  jMunacle  of  civiliauuion.    X«et  another  Cad** 
mus  carry  thither  tha(  torch  of  sMnce  which  enligtiteoa 
Europe !  Let  ocJoiiistG,  fraught  with  our  learnisg,  found  a 
'  new  Greece  in  Otah^te,  or  the  Pelew  Iskilds,  th^ai  those 
rifling  grounds,  which  now  produce  only  aromatic  herbs,  will 
be  covered  with  towns  and  palaces ;  bays  now  shaded  by  a 
finrest  of  palms,  will  diqplay  a  fewest  of  masts;  gold  and 
marble  will  be  extracted  from  the  bowelsof  mountains  as  yet 
untouched  by  the  miner;  eornl  and  pearls  will  be  dragged 
from  the  bottom  of  the  sea  to  adorn  the  new  ea{tttal8 ;  and 
one  day,  perhaps,  Europe,  Asia,  Africa,  and  Ajmerica^  will 
find  dbmgerous  and  successful  rivals  in  oountriea^  whose  ex* 
ifltence,  at  this  moment,  scarcely  occujnes  their  attention. 

Thus,  in  the  history  of  the  human  race,  the  past,  the 
present,  and  the  future,  are  connected  with  the  position  of 
the  great  seas  of  the  globe,  and  with  the  progcess  of  navi- 
gation. 
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MATHEMATICAL  GEOGRAPHY. 


I. 


COMPARISON  OF  FRENCH  AND  ENGLISH  WEIGHTS  AND 

MEASURES. 


r  XBhkhJbrm  the  Sous  of  the  New  French  SyHet 
upmred  with  the  Weighis  and  Measures  cf  England. 


The  Metre 
Arc 
Litfe 
Stere 


Oranmealflos: 


3,2809167  feet,  or  SQfill  indies. 
1076,441    square  feet. 
61,028        cubic  inches. 
35,317       cubic  feet. 
1 5,4441      graim  trojr. 
5^81      drams  avoirdupois. 


Ifem 


nnd  Measwrei  of  France  compart  fsUh  the  {M, 
and  idso  with  English  Weights  and  Measures. 


• 

iMtear  Measure* 

■ 

FrtDAFttt. 

En^diFact 

DistAncefiomthel 

Equator  to  the  > 
Pde                  J 

30764440 

32809167 

Degree  (centesimal) 

307844,4 

328091,67 

Myriametre 

30784,44 

32809,167 

Kilometre 

3078,444 

3280,9167 

Hectometre 

307>8444 

328,09167 

Dieeametre 

«PV|  Y®  »'  ** 

«i,309l67 

MCTRB 

^078444 

3^2809167 
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Lines  French. 
Decimetre               .          .            44,3296 
Centimetre              .           .              4,43296 
Millimetre               .          .              0,443296 

Lines  English. 

47,2452 
4,72452 
0,472452 

• 

Square  or  Supei^dal  Measure, 

Fiench  Square  Feet                    En^sh  Squaie  Feet 
Miriare           9476817,46113                     10764414,3923 
Kilare          .     947681,746113                    1076441,43923 
Hectare        .       9*768,1746113                    107644,143923 
Decare.        .    .    9476,81746113                   10764,4143923 
Are    .         .          9*7,681746113                   1076,4414^023 
Declare        .            94,7681746113                    107,644143925 
Centiare                      9,47681746113                     10,7644143923 

Square  Inches. 

Square  Decimetre          .            13,646617 

Square  Inches, 
15,500756 

Square  Lines. 

Square  Centimetre  .      .            19,651134  . 
Square  Millimetre          .              0, 1 965 1 1 34 

Square  Ij'nes. 
2^321.088 
0,2232108 

Measures  of  Capacity, 

French 
cubic  feet 
Myrialitre    .            .            291,738519 

Hectolitre         .          .            2,91738519 

English 

cubic  ^eet 

353,1714693 

35,31714693 

3,531714693 

Cubic  inches. 
Decalitre           .                   504,124160 
Litre  oa  DedmeCre  cube     50,4124160 
Decilitre          .            .            5,04124160 

Cubic  inches. 
610,280264 
61,0280264 
6,10280264 

Cubic  lines. 

Centilitre*     .                        871,126926 

Cubic  lines. 
1054,564296 

The  Litre,  which  is  the  unit  for  measure's  of  capacity  =  2,1 13 
English  pints,  wine  measure ;  and.  therefore  the  Hectolitre 
equals  26,4.  such  gdlons —  35  litres  s:  a  Winchester  bushel. 

Solid  or  Cubic  Measures. 


French  cubic  feet    English  cubic  feet. 
291,738519  353,1700 

29,1738519  35,3170 

2,91738519  3,5317 

This  jneasure  is  used  for  fire- wood,  stone,  &c.    The  stere  is 
the  wne  as  the  kilometre  in  tlie  preceding  measure. 


Decastere  ' 
Stere  (metre  cube) 
Decistere 
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WeighU. 


* 

Poidi  de  Marc 

English  Troy  weight. 

Uvres. 

OB.  gn».  graiot. 

lb.    OS.    dr.    gr. 

Bar  or  cubic,    7 
Metre  of  water  J 

2042 

U     0     14 

2681  3     6     2, 

Myriagramme 

20 

6    6     63,5 

26  9  1^     1>46 

Kilogramme 

2 

0    5     35,15 

2  8    3  12,146 

Hectogramme 

S    2     10,715 

3     4    8^414 

Decagramme 

2     44,2715 

6  10,441 

Gramme 

18,82715 

15,4441 

Decigramme 

1,882715 

1,54441 

Centigramme 

0,1882715                     0,15444 

French  New  Measure  of  Time  compared  with  the  Old  or  DmuoI 

System. 

Old  value. 
Newdmnon.  b.   x.    s. 

1  second  0    0    0.864 

100  seconds,  1  minute  .  0     1  26.4 

100  minuteSy  1  hour      .         .  2  24    0. 

10  hours^      1  day        •  24    0    0. 


Reverted, 

New  ▼ahu. 

Old orufnal divinon.  k.    x.    s. 

1  second           •  0    0    1.1574 

60  seconds,  1  minute          •  0  69  54.4 

60  minutes,  1  hour      •        .  1  15  74. 

24  hours,      1  day       .        .  10    0    a 

French  New  Measure  of  the  Circle  compared  with  the  old  or  Com* 

mon  System. 

New  divisioD.  Old  value. 

100  seconds,  1  minute  of  space,  0"   O'  32"f 

100  minutes,  1  degree,  0  54     0 

100  degrees,  1  quadrant,  90     0     0 

400  degrees,  1  circle,  S60    0     0 

Reversed, 

Old  division.  Mew  value. 

60  tierces,     1  second,  0®    0'    3%\ 

60  seconds,   1  minute  of  space,  0     1  85/^ 

60  minutes,  1  degree,  1    11  11^ 

90  degrees,  1  quadrant,  100      0     0 

4  quadrants,  or  360°,  1  circle,  400     0    0 

VOL.  I.  8  K 
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Old  Weights  and  Meawres  of  France. 

IfONa  MBASUiKB.ii^The  tpiae  or  fathom  of  France  is  equal  to 
six  feet  Frencb^  the  foot  to  1^  inches  French^  and  the  inA  to 
IS  lines,  each  subdivided  into  IS  points;  76  French  &et  are 
nearly  ecjual  to  81  English  feet ;  or^  more  accurately,  40,000 
French  feet,  inches,  or  lines,  equal  4S,638  English  feet, 
inches  or  lines.  Thus  1  French  foot  equals  1.06597  EngUah, 
or  12,78934  English  inches ;  and  hence  one  English  foot  equals 
11,26  French  inches.    The  Paris  aunj^  was  46^^  English  inches. 

In  die  old  French  road  measure,  the  lieue,  or  league,  is  two 
French  miles,  each  mile  1000  toises;  hence  the  French  league 
equals  two  English  miles,  three  fiirloegs,  and  15  poles. 

The  French  league,  however,  in  different  parts  of  France, 
has  been  applied  to  different  distances.  The  marine  league,  (20 
to  a  degree,)  eqif^ls  S853  toises,  or  6081  English  yards  ;  and  the 
astronomical  league,  (25  to  a  degree,)  equals  22824  French 
toises,  or  1865  English  yards. 

The  arpent,  or  acre  of  land,  contained  in  general  100  square 
perches;  but  the  perch  varied  in  different  provinces. 

The  old  French  weight  for  gold  and  silver  (called  poids  de 
marc,)  makes  the  pound  or  livre  contain  2  mavos,  16onces,  128 
gros,  884  deniers,  or  9216  grains. 

The  French  marc  =  3780  grains  Troy  weight. 

For  commercial  weight,  the  poids  de  marc  was  likewise  used, 
and  the  quintal  of  100  livres  =108  lb.  avoirdupois,  very  nearly. 

Weights  and  measures,  however,  varied  considerably  in  the 
different  provinces. 

.  Corn  measure  was  the  muid  of  12  setters,  24  mme9i  4^minotl, 
or  144  bushels. 

Wine  measure  was  the  muid  of  36  setiers,  144  quartes,  or  288 

pints. 
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II. 


Synoptical  Table  oftlie  Planetary  Syttem*. 


Uiaraet^ra  and  bulk ;  those  of  the  earth  coQudeied  as 

uQity. 

Disincter* 

Bulk  or  Value. 

The  Sun 

• 

111.45 

.  1,384,462. 

Mercury 

0.4012 

• 

6.06456 

Venus 

0.9693 

• 

D.S9O2 

The  Earth 

^ 

1. 

> 

1. 

The  Moon 

0.2731       , 

1 

0.02036 

Mars 

0.5199 

0. 1 406 

VesU 

0.4 

•  •  • 

Juno 

0.1 

.  .  *  • 

Ceres 

, 

0.3076 

0.02913 

Pallas 

• 

0.154 

0.00365 

Jupiter 

* 

10.662 

1^81. 

Saturn 

i 

9983 

.995 

Uranus 

< 

4.332 

80.49 

Rotufion,  or  Sidereal . 

Day.                Fi 

^utlenin^ 

\  at  ike  Poles. 

Hours. 

UUu        See. 

Mercuiy 

24 

5         28 

Venus 

23 

21           0 

TheEiorth 

# 

23 

56          4 

Mars 

24 

59        21 

Jupiter 

9 

56          0 

•  0 

1 

T4 

Saturn  i^ 

erschel 

10 

16          0 

i 

20.91  :  22.81 

alandillo 

11 

39          0 

13.3    :  16.1 

Bevduiions  Tropical, 

Siderml. 

m 

Yn.     Dayfc 

Hxf. 

Min.       Sec,          Di 

lys.     Mm, 

Min.       Sec. 

Mercury 

0      87 

23 

14     32.7 

8 

7     stt 

J  5      43.6 

Venus 

0    224 

16 

41      27.5 

23 

^     16 

49      10.6 

The  £vth 

I  .       0 

5 

48      48 

36 

5      6 

9        8 

Mars 

1     i621 

22 

18      27.4 

68 

6     28 

JO      S5.6 

Vesta 

3     240 

• 

• .        •■ 

n 

« 

•.          . 

Juno 

4     130 

• 

.         • 

m 

• 

.         . 

Ceres 

4     221 

• 

•         . 

• 

• 

.         . . 

Pallas 

4     241 

17 

•         • 

• 

• 

•          . 

Jupiter 

11     815 

J4 

3&          2 

4^ 

32    U 

27       10.8 

Saturn 

»9    J6i 

1& 

16     l&^ 

10,7. 

59      1 

51       11.2 

Uranus 

83 

294 

8 

55 

30,6 

b9     . 

29 

•  I>«|>lace,  Systeitte  du  Monde.    Biot,  Astronomie  rhyfti)})ie. 
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mean 


Half  the  greater  Axis  of  the  Orbits  of  the  Planets;  or  their 

dUtancesJrom  the  Sutif  in  Myriametres,  each  containing  32809 
English/eet, 


Mercury^ 

5917938 

Venus, 

.       11058215 

The  Earth, 

.       1528787S 

Mars, 

2SS94021 

VesU,           .        ,        . 

.       S6278123 

Juno, 

40619979 

Ceres, 

.       42282000 

Pallas,b        .        .        , 

42666000 

Jupiter,        . 

.       79511907 

Saturn, 

.     145836700 

Uranus, 

.  .      .     291720130 

The  relative  proportion  of  the  eccentricity  to  the  halfqj^  the  greater 

axis. 


Mercury, 

0.205523 

Venus, 

0.006885 

The  Earth, 

0.016814 

Mars, 

O.O9SO88 

Ceres, 

0.082501 

PaUas, 

0.2463 

Jupiter, 

0.048077 

Saturn, 

0.056223 

Uranus, 

>        < 

0.046683 

Inclination  of  the  Orbit  to  the  Ecliptic. 


Mercury, 

Venus, 

The  Earth, 

Mars, 

Ceres, 

Pallas, 

Jupiter, 

Saturn, 

Uranus, 


^  The  eccentricity  of  Pallas  proves,  that,  notwithstanding  the  identity  ahnott 
of  its  mean  distance  with  that  of  Ceres,  the  orbits  of  these  two  planets  are  toj 
distant  from  each  other  at  their  aphelion  and  perihelion.  Between  these  pointi, 
the  orbiu  intersect  each  other.  FaUas  sometimes  approaches  Jupiter  and  somt- 
timcs  Mars. 


6« 

S5' 

SO'' 

3 

23 

10 

0 

0 

0 

1 

50 

47 

10 

36 

57 

34 

50 

40 

1 

19 

38 

2 

30 

40 

0 

46 

12 
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III. 

Table  ofClimaies. 


Climates  of 
Half  ao  Hour. 

Longest  Da]r* 

Latitude. 

Extent  of 
Climates. 

Their  Number. 
0 
1 
2 

JJoun,       JMin, 
12              0 
12          SO 
IS             0 

Degrees. 
0 
8 
16 

Min. 

0 

34 

43    i 

Degrees,      Min, 
0            0 
8         34 
8          9 

3 
4 
5 

IS          SO 
14             0 
14           30 

24 
30 
36 

10 
46 
28 

7         27 
6        46 
5         42 

6 

7 
8 

15            0 

15  SO 

16  0 

41 
45 

48 

21 

29 
59 

4         53 
4           8 
3         30 

9 
10 
11 

16  30 

17  0 
17           SO 

51 
54 
56 

57 
28 
36 

2         58 
2         31 
2           8 

12 
IS 
14 

18             0 

18  30 

19  0 

58 
59 
61 

25 

57 
16 

1         49 
1         32 
1          19 

\5 
16 
17 

19  30 

20  0 
20           SO 

62 
6$ 
64 

24 

20 

8 

1            8 
0         56 
0         48 

18 

19 
20 

21              0 

21  SO 

22  0 

64 
65 
65 

48 
20 
46 

0         40 
0         32 
0         26 

21 
22 
23 
24 

22  SO 

23  0 

23  SO 

24  0 

66 
66 
66 
66 

6 
20 
Z3 
32 

0         20 
0         14 
0           8' 
0           4 

Climates  of 
Months. 

Longest  Day. 

Latitude. 

Extent  of 
Climates. 

TheirNumber* 
1 
2 
.3 
4 
5 
6 

Month*, 
1 
2 
3 
4 
5 
6 

Degrees. 

67 
69 
73 
78 
84 
90 

Min. 
23 
10 
39 
31 
5 
0 

Degrees.     Min, 
0         51 

2  27 

3  49 

4  52 

5  34 
5         55 

J\r.  A— We  do  not  in  these  Tables  take  any  notice  of  the  effects  of  the  re- 
fraction,  which  increases  the  duration  of  the  day,  particularly  towards  the  poles. 
Under  the  pole  iuelf  the  refraction  alone,  independent  of  the  twilight,  incrta- 
ses  the  day,  which  Is  six  months  long  67  hours. 
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Table  of'  the  Decrcana  of  the  Degrees  of  Longitude^  ac- 
cording to  the  ancient  or  nonagesimal  grad^uUion^  the 
EUirlh  bebig  supposed  to  be  sphericaL 


lAti- 

tttdes. 


0 
1 

s 

4 
5 
6 

7 
8 

9 
10 

11 
12 
13 
J4 
15 
16 

17 
18 

19 
20 

21 

22 
23 
24 
25 
26 

27 
28 

S9 
30 


Degree  of 
LoDgkudiB. 


In  toi- 
sesof  6 
ft.Fr. 


In 

nauti- 
cal 
kniles. 


37050 
57041 
57015 
56972 
56911 


60.00 
5999 
59.96 

59.92 
5985 


56833  59.77 


56738 


59.67 


56625  59.56 


56347  59.26 
5618359.09 


56495 


59.42 


56002 

55803 
55587 


Lati- 
tudes. 


58.89 

68.69 

58.46 


55S55  58.22 
5510657.95 


54840 
54557 
54257 
53941 

530O9 


5326066.01 


57.67 
67.38 
57.0c 
56.73 
66.38 


52895 


525 14  55.2s 
5211754.81 


51705 
51276 


5083253.46 


50372 

49897 
49406 


bS.Qi^ 


54.3s 
5393 


52.97 

52.47f 

51.96 


31 
32 
SS 
34 
S5 
S6 

37 
38 

39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
50 

51 

52 
53 
54 
55 
56 

57 
58 

59 
fiO 


Degree  of 
Lpugitude. 


latoi- 
ses  of  6 
ft.  Fr. 


4890151.43 
4838 1  50.88 
4784650.32 
47^8  49.74 
4673249.15 
46154  48.54| 

45562  47.92 
4496647.28 
443374663 
43703  45.96 

43056  45.28 


In 
nauti- 
cal 

miles. 


Lati. 
tudes. 


42397 
41725 
41038 


44.59 
43.83 
43.16 


40340  42.43 


39630 
38908 
38174 

374i?9 
36671 

35902 
35123 
34333 
33532 


41.68 

40.92 
40.15 
39.36 
38.57 

37.76 
36.94 

36.11 1 
35.27 


32722  34  41 


31902 
31076 
30231 
29384 
28525 


33.55 
.32.68 
31.79 
30.90 
30.00 


61 
62 
63 
64 
65 
66 

67 
68 

69 
70 

71 

72 
73 

74 
75 
76 
77 
78 

79 
80 

81 

82 
83 
84 
85 
86 

87 
88 

89 
90 


Degree  of 
XiOngitude. 


In-tm- 
«esof  0 

ft.Fr. 


27659^9.09 
267842817 
25904  27.24 
2501026.80 
2411025.36 
2320424  41 


22291 
21371 


In 

nauti- 
cal 
miles 


23.441 
22.48 


20445  21.50 


19512 


20.52 


18573 
17629 

16679 
I 

14764 
13801 
12833 
11862 
10885 
9907 


8924 
7941 
6953 
5963 
4972 
3980 
2986 
1991 
996 
0 


19.5s 

8.54 

1754 

5724|16.54 

15.531 

4.51 

13.50 

12.48 

11.45 

10.42 


9.S8 
8.35 

739 
6.28 
5.23 
4.18 
3.14 
2.09 
1.05 
0.00 
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V. 


TMe  of  ihe  Peerease  of  (ke  Degrees  of  Longitude,  tfc- 
eordhtg  to  the  Ne^  or  Cehiesimal  Oretduation^  tht  EHf^th 
being  considered  as  SphericcU. 


Lfttitudie. 


0 
} 
^ 
S 
4 
5 
6 
7 
8 

9 
10 

11 
12 
13 
14 
15 
16 

17 
18 

19 
20 

21 
33 
23 
24 
25 
26 

27 
28 

29 
30 

31 
32 
33 


Degree  of 

Longitude. 


Kilomtirei* 

100,000 
99,988 
99,951 
99,889 
99,803 
99,692 
99,556 
99^96 
99.211 
99,002 
98,769 

98,511 
98,229 
97,922 
97,592 
97,237 
96,858 
96,456 
96,029 

95,579 
95,106 

94,608 
94,088 
93,544 
92,978 
92,388 
91,775 
91,140 
90,483 
89,803 
89,101 

88,377 
87,631 
86,863 


Latitude. 


Deg. 

34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 

48 

49 
50 

51 
52 
53 
54 
55 
56 
57 
58 

59 
60 

61 
62 
63 
64 
65 
66 
67 


Dtegreeof 
Longitude. 


Latitude. 


KUometret. 

86,074 
85,264 
84,433 
8S.581 
82,708 
81,815 
80,902 

79968 
79.015 
78,043 
77,051 
76,040 
75,011 
73,963 
72,897 
71,813 
70,711 

69,591 
68,455 
67,301 
66131 
64,945 
63,742 
62,524 
61,291 
60,042 
58,778 

57,500 
56,208 
54,902 
53,583 
52,250 
50,904 
49,546 


Dcgw^df 
Longitude. 


Dig.      KUometret, 


68 
69 

70 

71 

72 

73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 

87 
88 
89 
90 

9i 
92 
93 
94 
95 
96 
97 
98 

99 
100 


48, 1-75 
46,793 
^5,339 

43,994 

42.578 
41,151 
89,115 
3S,268 
36,812 

85,347 
33»874 
32,392 
80,902 

29,404 

27,899 
26,387 
24,869 
23,344 
21,814 

20,279 
18,738 

17,19s 
15,643 

14,090 

12,533 

10,973 

9,41 1 

7,846 

6,279 
4,711 
3,141 

1,571 
0,000 


4 


SIS 
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"abli  of  the  Decrease  of  the  Degrees  ofLongitude^  accorJU 
ing  to  the  New  or  Centennial  scak^  the  Earth  being  sup- 
posed to  be  a  Spheroid, ^flattened  yjy. 


Lttitode. 

Degree  of 
Lobgitiide. 

Lftdtude. 

Degjtee  of 
Longitude. 

Latitude. 

Degree  of 

Longitude. 

Deg. 

Metret. 

D^. 

Metres* 

Deg. 

Metres* 

0 

100149.4 

34 

86^2695 

68 

48358.3 

1 

100137.1 

35 

85461.0 

69 

46972.4 

2 

100100.3 

36 

84631.4 

70 

45574.8 

3 
4 
5 
•6 

7 
8 

Q 

100038  9 
9.9953. 
99842  5 
99707-6 
99548.2 

Q9 156.2 

31 
38 

39 
40 

41 

837809 
82909.7 
82018.1 
81106.2 

801 74.1 

71 

72 
73 
74 
75 

44165.9 
42746.0 
41315.3 
39874  4 
38423  4 

42 

79222.3 

76 

S6962.8 

•7 

10 

98923.6 

43 

78250.9 

77 

35493.0 

A  «^ 

44 

77260.1 

78 

34014.2 

11 

986668 

45 

76250,1 

79 

.32527.0 

12 

98385.8 

46 

75221.S 

80 

31031.6 

13 

98080.6 

47 

74173.8 

81 
82 
83 
84 
85 

29528  5 

280179 
26500.3 

24976.1 

23445.6 

14 
15 
16 
17 

18 

97751.8 
97398.1 
97020.9 
96616.9 
96195.1 
95746.8 
95274.9 

48 

49 
50 

51 

73108.0 
72024  0 
70922.1 

698O2.6 

J  o 

J9 

20 

52 

68665.8 

86 

21909.2 

53 

67512,0 

87 

2OS67.3 

54 

66341.3 

88 

18820.3 

21    . 

94779.6 

55 

65 1 54.2 

S9 

17268,6 

28 

94260.9 

56 

63950.9 

90 

15712.6 

25 

93719.1 

51 

62731.7 

91 

14152.6 

24 

93154  2 

58 

6I496.8 

25 

92566.4 

59 

60246.7 

92 
93 
94 
95 

12589-0 
11022.3 

9452.9 
7881.0 

26 

27 
26 

91955.8 
91322.6 
9O666A 

89988  9 
89288,6 

60 
61 

58981.5 
57701.6 

29 
30 

62 
63 
64 

56407.4 
55099.1 
53777.1 

96 
91 
98 

6SO7.2 
4731.8 
3155.7 

31 

88566.4 

65 

52441.7 

99 

1577.8 

32 

87«22.4 

66 

51093.1 

100 

0.0 

SZ 

87056.7 

61 

49731.8 
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VII. 


€f  ike  Decrease  cf  the  Degrees  of  Laiitudey  according  to 
the  New  or  Centesimal  Scale^  the  Earth  being  supposed 
to  be  a  spheroidyjlattened  y||-. 


Latitude. 


Deg, 

0 
1 
2 
3 
4 
5 
6 

7 
8 

9 
10 

11 
12 
13 
14 
15 
16 
17 
18 

19 
20 

21 
22 
23 
24 
25 
26 
27 
28 

29 
30 

31 
32 
S3 


Degree  of 

Latitude. 


Metres. 

99552.5 
99552.9 
99553.8 
99555.1 

99556.9 
99559.0 
99561.8 
99564.7 
99568.2 
99572.1 
99576.4 

99581.2 
99586.3 
99531.8 
99597.8 
99604.2 

990 10.9 
9961 8.0 
99625.4 
99633.4 
99641.6 

99650.2 
99659.1 
99668.4 
99678.0 

99687.9 
99698.1 
99708.6 
99719.4 
99730.5 
99741.9 

99753.5 
99765.3 
99777.4 


Latitude. 


Deg. 

34 
35 
36 
37 
3B 

S9 
40 

41 
42 
43 
44 
45 
46 
47 
48 

49 
50 

51 

52 

53 

54. 

55 

56 

57 

58 

59 
60 

61 

62 
63 
64 
65 
66 
67 


D^rec  of    iLathude. 
Latitude. 


Metres. 

99789.7 
99802.2 

99814.9 
99827.8 

998409 
99854.1 

99867.5 

99881.0 
99894.6 
99908.3 
99922.1 
99936.0 
99950.0 
99964.0 
99978.0 

99992.1 
100006.2 

100020.3 
100034  4 
100048.4 
100062.4 
100076.3 
100090.2 
100103  9 
100117.6 
100131.2 
100144.6 

100157.9 
100171.0 
100184.0 
100)96.8 
100209.4 
100221.7 
100233.9 


Deff. 

68 

69 
70 

71 
72 
73 

74 
75 
76 

77 
78 

79 
80 

81 
82 
83 
84 
85 
86 

87 
88 

89 
90 

91 
92 
93 
94 
95 

96 
97 
9« 
99 
loO 


Degree  of 

Latitude. 


Metres. 

100245.9 
100257.5 
100269.0 

100280.f 
100291.1 
100301.7 
100312.0 
100322.0 

100331.7 
100341.1 
100350.1 
100358.8 
100367.2 

100375.1 
100382.7 

1003899 
100396.8 

100403.2 

1004093 

100414.9 
100420.1 
1004249 
100429.3 

100433.2 
100436.8 

1004399 
100442.5 

1004447 
100446.5 
100447.8 
100448.7 
100449.2 


Gift 


TABLES. 


VIII. 

Cwai^r^lve  Yigw  of  Linear  Measure^^  eaUed  (or  e^km^ 

lint  to)  Feet. 


Stales  and  Towns. 


Amsterdam 
Augsbourg 
Bk\m      . 
Batavia  . 

Barfin    . 
Brabant 


China     . 

CopenfiJ^en 
Cmeo^rk 
Dantaiok 
Dauphin^  • 

D^on*     . 
Dveedea 

Fnaace  . 

Frankfort  on  th»  Maine 
Franche  Comt^  • 
Genoa     • 

Hlambttrgll 

Leipaic 

Lisbon 

London 

Lorrdne 

Liibeek 

M«drid  . 


Malacca 

MeMRHt 
Milan 


Fass 


! 


Meuuies. 


fof 

iof 


Voet 

Stadt^  or  Werk-Schu 

Stadt»  or  Feldt-Schu 

Voet 

of  Berlin 
the  Rhine 

Fu«8 

Pie 

Foot  of  the  Merchants 

Mathematical  foot 

Ch^  or  Carpenter's  foot 

Land-8urYeyer'»  foot 

Fod 

Foot 

Fuss 

Fied 

Pied 

Fuss 
fPiedde  Roi 
I  Decimetre 

Fuss 

Pied 

Palmo 

FunQ  J  »^  Hamburgh 

•  ^'^  ioftheRhitie 

Fnss 

Pidmo 

Foot 

Pied 

FlMS 

Godo 
Pies 

f  great 

(sfmall 

I  Common  fbot 
Carpenter's  foot 
Palmo 
Palmo 


Palmo 


125.5 
131.3 
132.2 
139-1 
137.3 

1391 
12(5.6 
125.3 
150 

147.7 
143.1 

141.7 

139.1 

158 

127.2 

151.1 

139.2 

125.5 

1441 

44.33 
127 
158.3 
111.3 
127 
139.1 

125.3 
96.9 

135 

129L& 

129 

187.9 
125.3 

9^.97 
31.32 

139.1 
127.5 

t07.3 

176' 


metres. 


2.83 
297 
298 
3.14 
3.10 
3.14. 
2.86 
2.83 
3.38 
3.35 
3.23 
3.19 
3.14 
3.56 
2.86 
3.41 
3.15 
2.83 
3.25 
1 

2.86 

3.57 
2.51 

2.86 

3.14 

2.83 

2.18 

3.05 

2.92 

2.91 

4.23 

2.83 

2.1*1 

0.70 

314 

2.87 
2.42 

3.97 
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yiU.^Continued. 


States  and  Towiu. 

Measures. 

Lines. 

Oed- 

metres 

Motilch 

Fuss 

128.2 

2.89 

Naples      • 

Palmo 

116.5 

2.63 

Normandy 

Pied 

132 

2.98 

Norway 

Fod                      [[tcrs 

139.1 

3.15 

Nuremberg 

■  { 

Stadt-Schu  of  Carpen- 

134.7 

3.03 

Werk.Srhu  of  Masons 

123.6 

2.78 

Padua 

V 

Palmo        • 

189.9 

4.28 

Paris 

Pied*de-Boi 

144 

3.25 

Palermo 

Palmo,  ancient 

1073 

2.42 

Prague 

, 

^       r  of  Bohemia 
^"*«{ofMoi»Yi« 

131.4 
131.2 

2.97 
2.96 

Riga 

Fuss 

125.5 

2.74 

Rome 

Palmo 

130.6 

2.94 

Russia 

Foot 

135 

3.05 

Sardinia    . 

Palmo 

no.i 

2.48 

Sweden     . 

Fot 

131.6 

2.97 

Switzerland 

Fuss 

133 

3.00 

Stuttgard 

Fuss 

126.8 

2.85 

Turin 

Palmo 

227.7 

5.13 

Venice 

Palmo 

153.7 

3.46 

Vienna 

Fuss 

143 

3.23 

Warsaw,  duchy  of. 

• 

Fuss 

158 

3.56 

iUO 


TABLES 


IX. 

^  comparative  View  of  the  Agrarian  Measures  used  in  the 
principal  States  cf  Europe^  in  andeni  French  square 
Feet^  (pieds  de  roi,)  compared  with  the  Arpent  fixed  hy 
the  Government  for  measuring  the  Lakes  and  Forests^ 
and  with  the  Hectare^  or  new  Agrarian  Measure  (^ 
France, 


States  and  Places. 


Alsace,  Morgen 
Austria*  Jochart 
Bavaria,     Juchart 

Denmark,  Toende  Hartkom 


Square 
Feet. 


Arpents. 


1 


England,   Acre  . 

(  Arpent  of  lakes  &  forests 
\  Arpent  of  Paris 
France,  <  Arpent,  common 
i  Hectare 
(.Are*    . 
rVorling 
Hanover-}  Drohn 

(^Morgen 
Holland,     Morgen 

r  Rubbio 

Rome  ^  Quarta 

(^  Pezza 

Milanese,  Pertia 

Naples,  Moggia 

Venice,  1000  Passi 


Italy, 


19.045 

54571 
31.700 

104854 

to 

1210.514 
38.376 
48.400 
32.400 
40.000 
94.768 
00.9471 
12.326 
1 8.490 
24.653 
77.016 

175.138 
43.784 
25.020 

7.127 
31.679 
46.986 

5.546 
28.456 


Hectares. 


0.39«83 
1 12750 
0.65495 
2.16640 

4  34946 

0.79289 
1.00000 
0.66941 
0.82645 
1.95801 
0.01958 

0.25467 
0.38202 
0.50935 
1.591^4 
3.61 857 
0-90464 
0.51694 
0.14725 
0.65453 
0.97078 
0.114.59 
0.38792 


0.2009 
0.5758 
0.3345 
1.1064 

2,2213 
0.4049 
0.5107 
0.3418 
0.4220 
1.0000 
0.0100 
0.1300 
0.1951 
0.2601 
08126 
1.8480 
0.4620 

0.2639 
0.0752 
0.3342 
0.4957 
0  05S5 
0.3002 


*  This  Arpent  contained  100  square  perches  of  ti  feet  square,  or  484 
square  feeL 

^  The  Are,  which  is  the  unity  of  the  new  French  agrarian  measures,  la  equal 
to  ten  metres,  or  one  square  decametre,  that  is,  a  space  containing  one  hundred 
square  metres.  The  Hectare  is  a  bpace  containing  100  ares,  or  a  square  hecto- 
metre. 

In  comparing  the  new  and  old  measures  of  France,  we  may  make  use  of  the 
following  approximations. 

^24=  47  Arpents  of  lakes  and  forests. 

\  27=  79  Arpents  of  Paris,  of  18  feet  to  the  perch. 

I  19=  45  Arpents,  common,  of  90  feet  to  the  perch. 

(.67=  82  Ares  of  Normandy,  of  160  perches  of  t2  feet  each» 
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IX. •^Continued. 


States  and  Places. 


Square  Feet 


Aipents. 


Hectares. 


Lorraine^    Journal 

Piedmont,  Giornata 

r  Great  Hufe 
1  Hakenhufe 

Prussia   J  Landhufe 

Dasaetina 
Acker 

SYugada 
Fanega 
Cahizada 
Aranzada 
Jouchart 
Tunna-lanid 

Berne,  Juchart 

Zurich,  Juchart 
Tyrol,      ^  Jauch,  or  Jauchaf  t 


Russia, 
Saxony, 

Spain, 

Swabia, 
Sweden, 

Switzer- 
land, 


{ 


for  woods 

for  land 
for  land 

for.woods 


40.S28 
36.005 
1,613.130 

107.542 
53.771 1 
53.771  J 
24.197 

109.782 

52.247 
1,345.032 
32.521 
195.124 
10.781 
13.299 
46.773 
36.6661 
52.592 

30.711 
34.12 

40.999 


0.83323 

0.74390 

33.32913 

2.22195 

1.11097 

0.49993 
2.26756 
1.07948 

127.78993 

0.67191 
4.03149 

0.22274 
0.27477 
0.96639 
0.75755 
0.67338 
0.63452 
0.70495 
0.84707 


0.4255 

0.3799 
17.0218 

1.1347 
0.5674 

'  0.2553 
1.1584 
0.5513 

14.1928 
0.3431 
2.0589 
0.1137 
0.1403 
0.4935 
0.3869 

'0.3439 
0.3240 
0.3600 
0.4326 


1 

1 

i 

l| 

liliilisis 

1 
1 

Sj-gSflf-go, 

If 

"ji'SISSsSS 

i 

i 

^  ■  ..1     ■  .  •  . 

r:-  fill' 

6 

1 

iii 

5      *^fc     (o  —  osm 
oi-wdd-bdcj- 

hi 
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0.366S 
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11.25 
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42.75 
40 

3 

9 
12 

58.48 
67.25 
57.71 
74.7 
68.25 
60.62 
12-44 
88 
23 
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XI. 


J  Table  of  the  different  Measures  of  Antiquitjf. 


Itineiaiy  Meagmci. 


The  Schcene  of  middle  Egypt 

The  Schoene  of  the  Thebaide^  or  the  In- 

dian  Gau,  known  under  the  name 

Stathma 
The  Schoene  of  the  Delta  =  9,600  paces 
The  Parasang  =  7>200  paces 
The  Indian  Coss  =  3,600  paces 
The  Egyptian  Mile  =  2,880 
The  Persian  or  Asiatic  Mile 
The  Hebrew  Mile 
The  Pythian  or  Delphic  Stadium 
The  mean  Stadium,  called  also  the  Nau-7 

tical  or  Persian  ...        J 

The  great  Alexandrian  or  Egyptian  Stadium 
The  Phileterxan  or  Royal  Stadium 
The  Grecian  Olympic  Stadium 
The  Stadium  of  Eratosthenes 
The  Stadium  of  Cleomenes 
The  Stadium  of  Aristotle,  or  small  Stadium 


IVoMh  MeMUMs. 


KIto. 


20. 


10. 
6.66 
5. 

2.66 
2. 
1.5 
1.166 


Medci. 


148.148148 

166.4 
222.28 
210.1 4 

185.37 
159.2 
133.47 
99.8 


Linear  Measoiea. 


The  royal  Cubit  of  Babylon 

The  mean  Cubit 

The  Pygon  or  Palmipes 

The  Pythian  or  Delphic  foot 

The  Palmus  Major 

The  common  Palm,  or  Palestum 

The  Inch,  or  Uncia  of  the  geometrical  foot 

The  Dactylus  or  Digit 

The  Olympic  Hecatonpede 

The  Exapode  ... 


i^ 


Metres. 


^xiUuDCtZtt. 


80. 

1. 


468.8 

416.66 

847.22 

277.77 

6.8 

93 
023.1482 
017.361 
864. 
851. 


08i 

m 


TABLES. 


M7 


XI.-— CotUintitfd 


MetnJMffli 


I'Jn^^  UjtUOBBt^ 


SifiDiaiilni* 


The  cubit,  of  18  Olympic  inches. 
The  Olympic  foot*         •  .     .    • 

The  exapode  of  six  Roman  feet,         .   • 
The  great  pace  («^m)  of  five  Roman  feet> 
The  common  pace,  of  two  Roman  feet. 
The  Roman  foot,  .... 


Agnnan  MeMures. 


The  Pletheron=lOO  square  Olympic  feet. 

The  £zapode=36  square  Olympic  feet. 

The  Saltus  of  four  Centuries, 

The  Century  of  100  Heredies, 

The  Heredy  of  two  Jugera, 

The  Jugerum  of  800  Exapodes,    • 


463 
808.6 


1. 
1. 


.. 


SquueMeCret. 


9.526 

5«4S9 
80.22716 

50.5679 
5056.79 
2528.895 


65^ 


TABLES. 


XII. 

CamparaHve  View  of  the  Principal  Wvnde. 
COMPASS  OF  FOUR  WINDS. 


• 
Sitnation 

GradMi  Ntmet. 

Hodcm  Namei. 

upon  the 

Compaas. 
Degrees. 

See  Homer, 

Bovns 

North 

0 

Odyas.    l>.   r. 

£lIZM                   •              .              • 

East     .     •  • 

90 

Nocm       ... 

SoqA 

180 

Zcphyrot  .       > 

West   . 

870 

1 

COMPASS  OF  £IGHT  WINDS. 

• 

Sitttatian 

Gradjui  or  Roman  Namei. 

Modem  Names. 

upon  the 
Compaas. 

See  flieex- 

ihe  Temple  of 
the  Winds  at 

Boreal ;  Aparctias;  Septentrkm 

North 

D^rees. 
0 

Carias;  Amnio;  (sometimes  Be 
Apdioles ;  Subsoluius  (qu.  Eur 
JBuraiKiUw ;  Vnltarous  (often,  £ 

mas)     North-East 

4p5 

Athens,  in  Yi- 

OS)        East 

90 

truTiua,  1.  1. 
cap.  6.  Axist. 

ura^     South-East 

135 

Meteor,  L  II. 

iNotot;  Auster 

South 

180 

cap.  &   Pliny 
II.  9G&  Anlus 

Libss  Africus 

South.  West  . 

225 

OeUiii8ll.4S, 

Zephyros;  FaYomus     . 

West 

270 

&c. 

Corns;  Skiron;  Aigestes 

North-West . 

315 

BorcaSf  &c. 

North                     360 

* 

COMPASS  OF  TWELVE  WINDS. 

Situation 

' 

Ancient  Ntmei. 

Modem  Nama 
nearly*. 

upontba 
Onnpaes. 

See    AriaL 

Aparctias ;  Septentrio  (Boreas) 
Mesek  (oftoi  Boreas  and  Aquilo 

North 

Degrees. 
0 

1)       N.E.iN.— 3»} 

30 

Pliny,  n.  ti. 

Ctfsiaa 

N.E.JE.+30J 

60 

Seneca,    NaL 

ApelioCes;  Subsolanus 

f        East     . 

90 

Qusrt.  T.  16.- 
Fortheoom- 

Eurus;  Vultamus 

S.E.  \  E..^»| 

120 

peas  of  34 

Phoeniz ;  Euronotus 

S.E.  \  S.+3»i 

150 

winda  found- 
ed  upon  this 

Notus;  Auster 

South  . 

180 

of  IS^aeeSAu- 

Libonotus;  Liboptonix 

S-W.JS — S«i 

210 

maiae.    Rxer- 
dt.      Plinian 

Libs;  Africus 

S.W.|W.+S»     1      240 

87S-892. 

Zei^yroe ;  Favonius 

West    . 

270 

lapix;  Corns;  Argestes 

N.W.JW.— 3of 

300 

Thracias;  Cercias 

N.W.tN.+3«| 

330 

Aparctias 

North  . 

360 

*  In  reckoning  from  the  north  round  the  compass,  we  can  thus  betta  under- 
sland  the  arrangement.  Navigators  reckon  by  quarters  of  drdea  only*  in  going 
from  the  north  to  east,  or  to  west,  and  the  same  from  die  s6uth  to  east»or  to  weft. 
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Xll.^^Continued. 


COMPASS  OF  THIRTY-TWO  WINDS. 


English  Names. 


Frendi  Names. 


NorA  <N.) 
N.  by  £. 

N.N.E. 
N.E.  by  N. 
N.E. 
X.E.  by  £. 

E.byN. 
£Mt(E.> 
£•  l^S*    . 
£i*S*£«       • 
Si£L  by  £• 
S«£*     •    • 
S»E*  by  S* 
SiSLE.       • 
8»  by  £.    • 
South  (S.) 
aby  W. 
SLS.W* 
&W.  by  S. 

S»  Mr. 

S.W.byW. 
W.S.W.   . 
W.byS. 
Wert  (W.) 
W.  by.  N. 
W.N.W. 
N.W.  by  W 
N.W.       . 
N.W.  by  N. 
N.N.W. 
N.  by  W. 
North 


Noid  (N.) 

N.  J  N.E. 
N.N.E.  . 
N.E.  i  N. 

N.E. 

N.Ei  i  e: 

E.N.E. 
£.  i  N.E. 

EfT. 
£.  ^  S.E. 
£.8.  l!«.     . 
S.E.  ^  £• 
8.E.       . 
S.E.  4  o. 
S.S.E*       • 
S.  ^  S.E. 
SuD.     . 
S.  i  S.O.  . 
S.S.O.     . 
S.O.  i  S. 
S.O. 

S.O.  J  o. 
O.S.O.  . 
O.  i  S.O. 

OUEBT.      . 

O.  J  N.O. 
O.N.O,  . 
N.O.  J  O. 
N.O.  . 
N;0.  J  N. 
N.N.O.  . 
N.  i  N.O. 
Noid. 


ItaJUan  Names. 


TaAMOKTAHA 

(  di  T.  Verso  greco 

Greoo-TramontBDa 

i  di  Greoo  Verso  T. 

Greco 

i  di  Gr.  Verso  Levante 

Greoo-Levante 

Ldi  LevBOte  V.  Greoo 
BTAKTE 

i  di  Liv.  Verso  Sdroooo 
Levante-Scirocoo 
di  Sdrocoo  V.  Levaate 

CIBOCCO 

i  di  Sdr.  Verso  Ostro 

Ostro-Sdroooo 

i  di  Ostio  V.  Sdioooo 

OSTBO 

4  di  Ostro  V.  libeodo 

Ostro-Ldbeeeio 

i  di  libeodo  V.  Ostro 

Ldbeodo 

i  di  Lib.  V.  Fonente 

Ponente-Libecdo 

i  di  Fonente  V.  Libeodo 

FOKEKTE 

i  di  Fonente  V.  Maestro 

Maestro-Ponente 

I  di  Maestro  V.  Fonente  .. 

Maestao 

i  di  Maestro  V.  Tramontana 

Maestro  Tramontona 

i  di  Tram.  V.  Maestro     . 

Tbamovtana 


Situation 
upon  the 
Compass. 


11* 

331 
45 

se^ 

674 
78f 
90 
1011 
112i 
123} 
135 
1464 
157{ 
168| 
180 
1914 
209{ 
213] 
225 
2364 
2474 
258] 
270 
2814 
2924 
803} 
315 
3264 
3374 
348) 
360 


"•^H 


6S0  TABLES. 


ProfeswHr  Leslie,  to  wliose  liberali^  the  publishers  are  indebted 
for  the  following  tables,  (XIII.andXIV.)8ay8,  "I  have  been  able^ 
after  a  delioate  and  patient  researeh,  to  fix  the  kw  which  con- 
nects  the  decrease  of  temperature  with  the  altitude.  If  B  and 
b  denote  the  barometric  pressure  at  the  lower  and  upper  sta- 

(B        h\ 
^ —  '^\^5  express,  on  the  centigrade  scsle, 

the  diminution  of  heat  in  ascent  Hence,  for  any  given  lati- 
tude, that  precise  point  of  elevation  may  be  found,  at  whidi 

b 
eternal  frost  prevails.     Put  x  :=z  -^  and  i  =  the  standard  tem« 

perature  ;  then  f an  25 si,  or  3^  +  ,04  ir  =:  1,  whidi 

quadratic  equation  being  resolved,  gives  the  relative  dasticity 
of  the  air  at  the  limit  of  congelation,  whence  the  corresponding 
height  is  determined.  From  these  data  the  following  table  has 
been  calculated. 

This  table  (XIII.)  will  facilitate  the  approximation  to  the  alti- 
tude of  any  place,  which  is  inferred  either  from  its  mean  temper* 
ature,  or  its  depth  below  the  boundary  of  perpetual  congelatioD. 
The  decrements  of  heat  at  equal  ascents  are  not  altogether  uni- 
form, but  advance  more  rapidly  in  the  higher  regions  of  die  atmo- 
sphere.  At  moderate  elevations,  however,  it  will  be  sufficiently 
near  the  truth,  to  assume  the  law  of  equable  progression,  allow- 
ing  in  this  climate  (56^  N.)  one  degree  of  cold  by  Fahrenheit's 
scale  for  every  ninety  yards  of  ascent,  and  for  every  hundred 
yards  in  the  tropical  regions. 

Dr.  Francis  Buchanan  Hamilton  found  the  tempenture  of  a 
spring  at  Chitlong,  in  the  Lesser  Valley  of  Nepal,  to  be  14^7 
centigrade.  B  ut  the  mean  temperature  in  the  parallel  of  2T 
d8'  being  22o.8,  the  density  of  the  atmosphere  corresponding  to 
difference  8.1,  is  8510,  which  gives  4500  feet  for  the  corrected 
Ailjtitude, 


TABLES. 
XIII. 


•81 


Tabk  tfike  Ikcrease  of  Temperature  acwrdmgto  the 

Altitude. 


Liti- 


IftNntempentineat  I     Height  of 
tiM  level  of  ^  Sea.     CunreofOoii' 


Centignde.  Fahnnheit 


FMfc. 


Lati- 
tode. 


Mean  tBmperature  at 
tlielevdof  theSea. 


Centigr  tie.  Fdinnlici^ 


Height  of  I 

Curve  or  Omh 
gdatJooTl 


0 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 

23 

24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
46 
39 

40 
41 
42 
43 
44 
45 


29«.00 

2o.99 

28.96 

28.92 

28.86 

28.78 

28.68 

2&57 

28.44 

28.29 

28.13 
27.94 
27.75 
27.53 
27.30 
27.06 
26.80 
26.52 
26.23 
25.93 

25.61 
25.28 
2493 
2457 
24.20 
23.82 
23,43 
23.02 
22.61 
22.18 

21.75 
21.31 
20.86 
20.40 
19.93 
19.46 
18.98 
1&50 

laoi 

77.51 

17.02 
16.52 
16.02 
15.51 
:5.01 
14.50 


84«.2 
84.2 
84.1 
84.0 
83.9 
83.8 
83.6 
83.4 
83.2 
82.9 

82.6 
82,3 
82.0 
81.6 
81.1 
80.7 
80.2 
79.7 
79.2 
78. 

78.1 
77.5 
76.9 
76.2 
75.6 
74.9 
74.2 
73.6 
72.7 
71.9 

71.1 
70.3 
69.5 
68.7 
67.9 
67.0 
66.2 
65.3 
64.4 
63.5 

62.6 
61.7 
60.8 
59.9 
59.0 
58.1 


15207 
15203 
15189 
15167 
15135 
15095 
15047 
14989 
14923 
14848 

14764 
14672 
14571 
14463 
14345 
14220 
14087 
13947 
13798 
13642 

13478 
13308 
13131 
12946 
12755 
12557 
12354 
12145 
11930 
11710 

11484 

11253 

11018 

10778 

10534 

10287 

10036 

9781 

9523 

9263 

9001 
8738 
8473 
8206 
7939 
7671 


46< 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 


13».99 
13.49 
12.98 
12.43 

11.98 
11.49 
10.99 
ia50 
10.02 
9.54 
9.07 

a6o 

8.14 
7.69 

7.25 
6.82 
6.39 
5.98 
5.57 
5.18 
4.80 
4.43 
4.07 
3.72 


79 

as9 

71 

ao7 

72 

2.77 

73 

2.48 

74 

2.20 

75 

1.94 

76 

1.70 

77 

1.47 

78 

1.25 

79 

1.06 

80 

.87 

81 

.71 

82 

.56 

83 

.43 

84 

.32 

85 

.22 

86 

.14 

87 

.08 

88 

.04 

89 

.01 

90 

.00 

57.2 
56.3 
55.4 
545 

53.6 
52.7 
51.8 
50.9 
50.0 
49.2 
48.3 
47.5 
46.6 
45.8 

45.0 
443 
43.5 
42.8 
42.0 
41.3 
40.6 
400 
30.3 
88.7 

38.1 
37.5 
37.0 
36.5 
36.0 
35.5 
35.1 
346 
342 
33.9 

33.6 
333 
33.1 
32.8 
32.6 
32.4 
32.3 
32.2 
32.1 
32.0 
32.0 


7402 
7133 
6865 
6599 

6334 

6070 

5808 

5548 

5290 

5034 

4782 

4534 

4291 

4052 

3818 
3589 
3365 
3145 
2930 
2722 
2520 
232& 
2136 
1953 

1778 
1611 
1451 
1298 

1X53 
1016 
887 
767 
656 
552 

457 
371 
294 

ns 

167 

117 

76 

44 

20 
5 
0 


63^ 


TABLES. 


%«  Dr.  Brewster,  in  Part  I.  Vol.  IX.  of  the  Edinburgh  Phi. 
losophical.TransactionSj  gives  the  following  formula  for  a$cer- 
taining  the  mean  temperature  in  a  given  latitude,  in  the  old 
world.  If  T  denote  the  mean  temperature  in  any  given  lati- 
tude^ and  8P.5  the  observed  temperature  on  the  equator,  the 
formula  becomes 

TzrfiP.5  cos.  lat. 


Table  of  Meaa  Temperatures.                      j 

Places. 

Lat. 

Ob8.T. 

CaLT. 

Equator 

o°a 

81°  50' 

81°  50^ 

Rome 

41.54 

60.44 

60.66 

0°22'+ 

Paris 

48.50 

51.89 

58.65 

L76  + 

London 

51.80 

50.36 

50.74 

0.38  + 

Edinburgh 

55.58 

46.23 

45.64 

0.59  + 

Stockholm 

59. 20 

42.26 

41.57 

0.69  — 

Abo 

60.27 

40.00 

40.28 

0.28  4- 

Uleo 

65.   3 

38.26 

34.38 

1.12  + 

Melville  Island 

74.47 

1.  3S 

21.40 

20. 07  + 

XIV. 

Table  of  the  most  Remarkable  Heights  in  differe^U  Parts 
of  the  Worlds  eocpressed  in  English  Feet.  The  AUittides 
measured  by  the  Barometer  are  marTced  By  while  those 
derived  Jrom  Geometrical  Operationfiy  and  taken  chiefly 
from  the  Observations  of  General  Mudge,  are  distin- 
guished by  th€  letter  G. 


Snse  Fiall  Jokuli,  on  the  northmfoest  point  of  Iceland^ 

Hekla^  volcanie  mouniain  in  Iceland, 

Sulitelma,  in  Lapland,         .... 

Nuppi  Vara,  the  highest  of  the  tablC'land  in  Lapland, 

JLiomm^auri,  elevated  lake  in  Lapktndt 

Drifstue,  the  highest  pastoral  hamlet  in  Nortoay, 

Snahatta^  centre  of  the  Norwegian  mountains, 

Harebacke^  Alpine  ridge  ofNonmy, 

Pap  of  Caithness,  .... 

3en  Nevis^  InvemesS'shire,  h^hest  mountain  in  Scotiand, 


Feet, 
4558  G 
3950  G 
5910  B 
2655  B 
2265  B 

2457  B 
8120  B 
4575  B 

1929 
4358  6 


TABLES.  6,93 

Feet 

CairDgomij  Invemesi'4hire,  4080  B 

Cainumuir  upon  Deugh,  GaUoway^  2597  G 

Ben  LawerSy  west  side  of  Loch  Tay^  Pertiuhiref  .        3944  G 

Ben  More,  Fertkslare,        .            .            .  .        3870  B 

Ben  Lui>  or  the  Calf,  near  Tyndrum,  $651  G 
SdtahalX^en,  Perthshire,       ....        8513  G 

Ben  Voirlich,  near  Loch  Earn,                  .  .        3207  G 

Ben  Lediy  near  CaUender,  PerthsfUre,  2863  G 

Ben  Achonasie,  head  of  Glen  Tiii,  3028  G 

Ben  Lomond^  near  Aberfoil,  Stirlingshire,  .        3191  G 
Cobbler,  near  Arrochar,      ....        2863  G 

Ben  Clach,  in  the  Ochils,  above  Alloa,         .  •        2359  G 
LomGnd  Hills,  east  and  west,  Fifsshire,           1466  and  1721  G 

SoaXxsL  1lTXi,.on  the  ridge  of  Lammernnar,  1716  G 

Coulter  Fell,  Lanarkshire,  .           .  2440  G 

Camethy,  high  point  of  the  Pentland  ridge,  .        1700  B 

Tintoe  HiU,. Lanarkshire,  .        2306  G 

Leadhills,  the  house  of  the  Director  of  the  mines,  1280  B 

Broad  Law,,  near  Crook  Inn,  PeebleS'Shire,  2741  G 

Qtteensberry  Hill,  Dumfries^shire,  2259  G 

Caimsmuir  of  Fleeti  Galloway,  .        2329  G 

Hart  Fell,  near  Moffat,                             .  .        2635  G 

Dunrich  Hill,  Roxburghshire,                     .  •        2421  G 

Eldon  Hills,  near  Melrose,  Roxburghshire,  1634  G 

Whitcomb  HiU,  Pee&^-f^Ve,  2685  G 

Lother  Hill,  Dumfries-shire,  2396  G 

Ailsa  Rock,  tn  the  Firth  of  Clyde,  .        1103  G 

Crif  FeU,  near  Nem  Abbey,  Kirkcudbright,  1831  G 

Kells  Range,  GaUomay,   .               .            •  •        2659  G 

GQa!L¥e\!L,intheIsleofArran,        .  2865  G 
Paps  of  Jora,  south  and  north,  in  Argyleshire,  2359  and  2470 

Snea  Fell,  in  the  Isle  of  Man,        .            .  .        2004  G 

South  Senile,  in  Isle  of  Man,         ,            •  .        1584  G 

Macgillicuddy's  Reeks,  County  qf  Kerry,  .        3404  G 
Sliebh  Donard,  the  highest  cf  the  Moume  Mountains,       2786  G 

Helvellyn,  Cumberland,                  •  .        3055  G 

Skiddaw,  Cumberland,  .        3022  G 

Saddleback,  Cum^eriiine/,                            .  .        2787  G 

Whemside,  For^^AtVf ,                    .           .  .        2384  G 

Ingleborough,  Yorkshire,                            .  2361  G 

Shunnor  Fell,  Yorkshire,                           .  2329  G 


Mi 
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Snowdon,  CaemarvwuMre, 

Cader  Idris^  Caemarvonihire, 

BoMoas  of  Brecknodc, 

PlynHmmony  Cardigamhire, 

PenmaeQ  Mawr,  Caemarvmtkke, 

Malvem  Hills,  Worcestershire, 

Cawaand  Beacon,  Devonshire, 

Rippin  Toe,  Devonshiref 

Biocken,  in  the  Hartz-Foresi^Hanover, 

PriA,  in  Upper  Austria, 

Peak  of  LoDanitz,  in  the  Carpathian  ridge, 

Tergkm,  in  Camiola, 

Mont  Blanc,  Smkzerkmd, 

Villafe  of  Chamouni,  behm  Mmt  Blanc, 

Jungfhuihorn,  SwiiMerland, 

St.  Gothard,  Switzerland, 

Hfmpiee  of  the  Great  St.  Bernard, 

Village  of  St  Pietre,  on  the  road  to  Great  St.  Bernard, 

Passage  of  Mont  Cenis, 

Cross  Glockner,  between  the  Tl^nrf  and  Carintkia, 

Ortler  Spitze,  in  the  Tyrol, 

Rigtberg,  above  the  Lake  of  Lucerne, 

D6le,  the  highest  point  of  the  chain  of  Jura, 

Mont  Perdu,  in  the  Pyrenees, 

Loneira,  tit  the  department  of  the  high  Alps, 

Peak  of  Arbizon,  in  the  department  <fihe  h^h  Pyrenees 

Pay  de  Dome,  in  Auvergne, 

Mont  d'Or,  .... 

Summit  of  Vauduse,  near  Avignon, 

Village  on  Mont  Genevre, 

St.  Pilon,  near  Marseilles, 

Sorac^,  near  Borne, 

Monte  Velino,  in  the  kingdom  of  Naples, 

Mount  Vesuvius,  volcanic  mountain  beside  Naples, 

JEXasL,  vohanic  mountain  in  Sicily, 

St.  Angelo,  m  the  Lipari  Islands, 

Top  of  the  Rock  of  Gibraltar, 

Mount  Athos,  in  Bumelia, 

Diana's  Peak,  in  the  Island  of  St.  Udena, 

Peak  of  TenerifFe,  one  of  the  Canary  Islands, 


3571  G 
S914G 
286ft  G 
2463  G 
1540  G 
1444  G 
1792  G 
1549  G 
3690 
7000  B 
8870  B 

10390  B 

15646  G 
S8^G 

13730 
9075 
8040B 
5338  B 
6778  B 

12780  B 

15430 
5408 
5412  B 

11283 

14451 
o544 
4858  G 
6202  G 
2150 
5945  B 
3295  G 
2271  G 
8397  G 
3978 

10936  B 
5260 
1439  B 
S85$ 
2692 

12358  B 


TABLES. 


9SS 


Ruivo  Vetkf  the  higkegi  pomi  of  Madeira, 

Table  Mountain,  hear  the  Cape  of  Good  Hope, 

Chain  of  Mount  Ida»  beyond  the  plain  of  ZVqy, 

Chain  of  Mount  Olympus,  tii  Anatolia, 

Italitzkoi,  tn  the  Altaic  chain, 

Awatsha,  volcanic  mountain  in  Kamtcbatkaf 

The  Volcano,  tn  the  Isle  of  Bourbon, 

Ophir,  in  the  centre  of  the  Island  of  Sumatra, 

St.  Elias,  on  the  Western  coast  qf  North  America, 

White  Mountain,  in  the  State  of  MassachusetSg 

Chimborazo,  highest  summit  qfthe  Andes, 

Antisana,  volcanic  mountain  in  the  kingdom  of  Quito, 

Shepherd  station  on  that  mountain, 

Cotopaxi,  volcanic  mountain  in  the  kingdom  qf  QuitOf 

Tonguragua,  volcanic  mountain,  near  Riobomba, 

Rucu  de  Pichincha,  tn  the  kingdom  qf  Quito, 

Heights  of  Atsuay,  the  ancient  Peruvian  road. 

Peak  of  Orizaba}  volcanic  mountain  east  from  Mexico, 

Lake  of  Toluca,  tn  the  kingdom  qf  Mexico, 

City  of  Quito,  .  .  .  .  . 

City  of  Mexico,       ..... 

Silla  de  Caraccas,  part  of  the  chain  qf  Venezuela, 

Blue  Mountains,  in  the  Island  of  Jamaica, 

Pel^e,  in  the  Island  qf  Martinique, 

Mome  Garou,  in  the  Island  qf  St,  Vincents, 


FetL 

5168 

3520 

6500 
10785 

96OO 

7680 
13848 
18678 

6830  B 
81440 B 
19150  B 
13500  B 
18890  B 

16579  B 
15940  B 
15540  B 
17890 G 
12195  B 
9560  B 
7476  B 
8640  B 
7431 
5100 
5050 


In  this  list  of  altitudes,  I  have  not  ventured  to  insert  the 
Himalaya  or  Snowy  Mountains,  the  Imaus  of  the  ancients,  or 
Great  Central  Chain  of  Upper  Asia,  to  which  some  late  ac- 
counts from  India  would  assign  the  stupendous  elevation  from 
23,000  to  87,000  feet.  Such  at  least  are  the  results  of  obser- 
vations made  with  a  small  sextant  and  an  artificial  horiz<ni,  at 
the  enormous  distance  of  886  or  838  miles,  as  computed  indeed 
from  very  short  bases.  But  even  with  the  best  instruments, 
and  under  the  most  favourable  circumstances,  the  determination 
of  minute  vertical  angles  is,  from  the  influence  of  horizontal  re- 
fraction, liable  to  much  uncertainty.  The  progress  of  accurate 
observation  has  uniformly  reduced  the  estimsted  altitudes  of 
mountains.  More  receni  statements  accordingly  tliminish  those 
heights  near  2000  feet. . 
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